B O K RIDGE NATIONAL LABORATORY

ORNL/TM2000/168

The Alternative Fuel Transition:

Resultsfrom the TAFV Model
of Alternative Fuel Usein Light-Duty Vehicles 1996 -2010

Find Report - TAFV Verson 1

September 17, 2000

Paul Leby
P.O. Box 2008 M S 6205
Oak Ridge National Laboratory
Oak Ridge, TN 37831-6205
(865) 574-7720
leibypn@ornl.gov

and

Jonathan Rubin
Universty of Mane
Margaret Chase Smith Center for Public Policy, and
Department of Resource Economics and Policy
5715 Coburn Hall
Orono, ME 04469-5715
Phone (207) 581-1528
jonathan.rubin@umit.maine.edu

Prepared by
OAK RIDGE NATIONAL LABORATORY
P.O. Box 2008, Oak Ridge, Tennessee 37831-6285
managed by
UT-Battelle, LLC
for the
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-000R22725



Draft - 2



Abstract

Section 502(b) of the Energy Policy Act of 1992 (EPACT) requiresthat the Secretary of Energy estimate
the technical and economic feashility of producing sufficient replacement fuels to replace, on an energy
equivaent basis, at least 10 percent of motor fuel use by the year 2000; and at |east 30 percent by the year
2010. Earlier andyss usang a sngle-period equilibrium mode demongrated the feasbility of EPACT’s
gods. Thisearlier andyss assumed mature markets. large-scale vehicle production and the widespread
avallability of dternative fudls a retal dations. These conditions are not currently attained by the market
for dterndtive fues and vehicles. To better characterize the introduction of aternative fuels and vehicles,
the Trangtiond Alternative Fuels and Vehides (TAFV) Modd smulates the use and cost of dterndive
fuds and vehicles over thetime period of 1996 to 2010. It isdesigned to examinethetransitional period
of dternative fud and vehicle use, consdering possible barriers related to infrastructura needs and
production scae. 1t accounts for dynamic linkages between investments and vehicle and fuel production
capacity, tracks vehicle sock evolution, and representsthe effects of increasing scale and expanding retall
fud availability on the effective coststo consumers. Fud and vehicle prices and choices are endogenous.
As adynamic trangtional modd, it can help to assess what may be necessary to achieve mature, large
scale, dterndtive fue and vehicle markets, and what it may cost. Various policy cases are consdered
induding fleet vehicle purchase mandates, fuel subsidies, and tax incentivesfor low greenhouse gasemitting
fuds
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Executive Summary

Section 502(b) of the Energy Policy Act of 1992 (EPACT) requires that the Secretary of Energy
edimate the technica and economic feasibility of producing sufficient replacement fuelsto replace, on
an energy equivalent basis, at least 10 percent of motor fuel use by the year 2000; and at least 30
percent by the year 2010. Earlier andyss using a single-period equilibrium mode demondrated the
feashility of EPACT sgods. Thisearlier andyss assumed mature markets: large-scale vehicle
production and the widespread availability of dternative fuels at retall Sations. These conditions are not
currently attained by the market for aternative fuds and vehicles. To better characterize the
introduction of dternative fuds and vehicles, the Trangtiond Alternative Fuds Vehicle (TAFV) Modd
amulates the use and cost of dternative fuels and vehicles over the time period of 1996 to 2010. Itis
designed to examine the transitional period of dternative fud and vehicle use, consdering possible
barriers reated to infrastructura needs and production scade. It accounts for dynamic linkages between
investments and vehicle and fuel production capacity, tracks vehicle sock evolution, and represents the
effects of increasing scde and expanding retall fuel availability on the effective costs to consumers. Fud
and vehicle prices and choices are endogenous. As adynamic trangitiona mode, it can help to assess
wha may be necessary to achieve mature, large scde, dternative fuel and vehicle markets, and what it
may cost. Various policy cases are consdered including fleet vehicle purchase mandates, fud

subsidies, and tax incentives for low greenhouse gas emitting fuds.

The cases explored here differ from those in our previous draft studies of the trangtion (Lelby and
Rubin, February, 1998) in that the basic cost assumptions were modified in three ways that are less
favorable to dternative fuels. First, they employ DOE s AEO98 projections for future gasoline price
shownin Table 1.! Second, the ethanol tax credit, while now extended through 2007, declines
somewhat in nomind terms, and is assumed to decline even faster in red terms, given a 3% inflation rate
over the forecast horizon. Third, the costs of producing ethanol from cdllulosic biomass were re-
estimated given newer understanding about the technologies and the economics of crops and farm land.
Fourth, the dternative fud tax incentives (credits, such as the ethanol tax credit) are now assumed to be
gated in nomind dollars, and to decline in red termswith 3% inflation. This reducestheir power.

Bowman, Lei by and Rubin, 1998, summarizes the recent work in updating (benchmarking) the Transitional
Alternative Fuel and Vehicles (TAFV) model with the latest estimates from the Annual Energy Outlook 1998
(AEQO98). Previousversions of the TAFV were benchmarked to the AEO96. It detailsthe AEO98 retail motor fuel
price projections and their components, and then compares them to the fuel pricesin the previously used AEO96.
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Table E-1: AEO98 Retail Fuel Price Components ($94/GGE)

Year 1996

Fuel E85 Gasoline LPG M85 CNG
Pantgate 1.77 0.68 0.49 NA 0.25
Markups 0.29 0.13 0.64 0.24 0.24
Taxes -0.21 0.36 0.37 0.41 0.15
Retall Price 1.85 1.18 1.50 NA 0.64
Year 2010

Fuel E85 Gasoline LPG M85 CNG
Plantgate 1.82 0.77 0.62 NA 0.27
Markups 0.29 0.14 0.66 0.24 0.38
Taxes -0.07 0.31 0.31 0.36 0.14
Retall Price 2.04 121 1.58 NA 0.79

Note: Some assumptions were necessary to complete thistable. See Bowman, Leiby and Rubin, 1998.

Result Highlights
Beow are some important ingghts from the complete TAFV-version 1 runs.

El.  Ovedl, wefind that the market barriers to sgnificant dternative fuel and vehicle use are
subgtantid. Conggtent with earlier draft cases, we il find that in the absence of any new
policy initiatives, it may be difficult for the aternative vehicle and fuel markets to get started.
The base case yields dmogt no dternative fud and AFV penetration. For the AEO98 base ail
price path, current policies (i.e., current EPACT fleet mandates, fud taxes, and CAFE credits
for AFVs), appear inadequate to induce any sgnificant dternative fud use, or any AFV
purchases beyond the minimum mandated by the law.

E2.  Moreremarkably, if the DOE/EIA base case ail price projections from AEO98 hold true, even
some subgtantia new AFV/AF incentives may have only limited effect. For example, the
continuation of the ethanal tax credit beyond 2007 may be inadequate to induce ethanal (or
other) dternaive fud use. Thisisassuming that the ethanol tax credit is specified in nomina
terms, and is alowed to decline in red terms each year with 3% inflation.

E3.  Thelong-run, no-barriers case is useful to assess what AFV/AF penetration might be expected
if there were no trangitiond barriersto their introduction, other than the usua gradua turnover

E-2



E4.

ES.

EG.

E7.

ES.

of vehicle gock. The no-trangtional-barriers case explores what would happen if dternative
fuds and vehicles were produced at large scde codts, and fud availability and vehicle diversty
pose no effective cost to consumers. The long-run, no-barriers case projects a 14.9%
displacement of gasoline by dternative fudsin the year 2010, including 8.4% displacement by
blends and a 6.5% displacement by neat fuels M85, CNG, and LPG. Provided we assume
that AEO98 High World Qil Price projections and the lower-cost L PG projections embodied
inthe AFTM are correct, the 2010 gasoline displacement in the no-barriers case is 25.5% by
2010 (including 7.1% displacement by blends and 18.4% displacement by neat fues). The
bottom line is that under the recent DOE projections of gasoline and dternative fue codts,
dterndtive fuds are just not highly competitive, even in amature market.

A rule mandating Private and Locd (P&L) fleets, induces AFV purchases from households.
With the Locd and Private Rule, voluntary household ARV purchases climb to 2.9 % from
1.2% in the base case by 2010.

However, given the high cost of dternative fuds, the Loca and Private Rule does not induce
private AFV ownersto use dternative fudsin their voluntarily-purchased acohol FFVs. Asin
the base case, various dternative fuels make up the 0.12% of tota fuel use by 2010.

The Retall Fud Mandate Case requires that sufficient dternative fuels be sold to meet EPACT
displacement targets. (We are slent about exactly how this might be implemented, we smply
imposeit asaretail fud sales condraint). In this case, given base assumptions about oil and
LPG prices, thereisamgor contribution by methanol, much of which isimported. If the
ethanol tax credit isincreased to offset inflation, then E85 aso plays arole, reaching about 6%
use by 2006-2007, but then shutting down in 2008 with lapsing of ethanol tax credit.

Petroleum is displaced by the use of “neet” dterndtive fuels aswell as through the use of
reformulated and oxygenated gasolines which contain natural gas, hydrogen, and acohol and
ether-oxygenates Thus, the quantity of petroleum displaced will dways be greater than the
quantity (of energy adjusted) dternative fuel used. In the base case, 9.1% and 9.2% of
petroleum is digplaced in the years 2000 and 2010, respectively. The quantity displaced is
virtualy the same in both years because the is very little dternative fud use and theratio of
reformulated to conventiona gasoline is held congtant over the mode's time horizon. This result
is not sendtive to our assumptions concerning world oil prices or the cost of LPG. In the base
case, across dl of our input price scenarios, the quantity of oil displaced smply does not vary.
Thus, we can conclude that, in the abbsence of new policy initiatives, that the USisnot likely to
attain EPACT's 2000 or 2010 fuel displacement godls.

Some of the policies we have examined do, however, lead to a significant quantity of fue

displacement. As expected, the mandated retall dternative fuel sales requirement case achieves
the 30% replacement goa by 2010. What makesthis case of interest is not that it achieves
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mandated gasoline displacement, but the fredy chosen mix of fuds and vehicles which comprise
the mandated mix. In addition, the net cost to consumers, fuel producers and vehicle
manufacturers of attaining this god isimportant. Using the base fud prices, we project that a
retall dternative fue mandate requiring 30% displacement of petroleum will be satisfied by the
use of imported methanol (23%), oxygenate blends (6%), and very smdl quantities of LPG and
ethanal (1% combined). This mix does not change in the presence of higher world oil prices,
nor if the ethanol tax credit isindexed for inflation. The one case in which the mix changes
substantidly, isif LPG isavailable a alower price (about $0.30/GGE less expensive)
comparable to that used in DOE's prior market potentia study (AFTM, USDOE 1996, Leiby
1993). In this case LPG digplaces 15% of petroleum with the remaining displacement coming
from methanol and oxygenate blends.

In the no trangtiona barriers case, 14.9% of oil is displaced using base case fud prices. Other
fud price assumptions increase this digplacement leve. With high world oil prices and high
LPG costs, petroleum displacement rises to 18% by 2010. If lower LPG costs are dso
available, then in the absence of trangtiond barriers, we find that petroleum displacement would
be 25%. Thus, the TAFV modd, using fuel price assumptions close to those of the 1996 DOE
study of gatic market potentiad, finds Smilar levels of petroleum displacement.

Other than the dternative fud sales mandate policy, the policies that are mogt effectivein
inducing the displacement of petroleum are the Low-GHG Tax Credit and the Continued
Ethanol Tax Credit. Both of these policies rely on substantia subsidization of ethanol and other
low GHG fuds. Given base casefud price projections, these policies are not sufficient to
induce additiond aternative fud penetration. Given High World Oil Prices (HWORP cases),
however, these policies can be effective, particularly if the ethanol tax credit is adjusted for
inflation to maintain its present vaue of $0.54 per physica gdlon. Given high world oil prices,
the Low-GHG Tax Credit induces petroleum displacement from 9.3% to 11.3% by 2010. If,
in addition, the subsidy in the Low-GHG Tax Credit case is d <o inflation adjusted, 22% of
petroleum can be displaced by 2010. The Continued Ethanol Tax Credit Policy Caseisless
effective ance it only targets ethanal, rather than al low-GHG fuels. Nonethdess, it isableto
induce a 16% displacement of petroleum if the tax credit isinflation adjusted.

Overall, the TAFV base case projection from 1996 to 2000 does a moderately good job of
back-casting recent history. Total AFV stocks are accurate to within 15 percent, and the mix
of vehicles chosen by the modd isfarly closeto EIA higtoricd data. While the demand for
acohal fudsis over-projected, and the demand for LPG was under-projected, the quantities
involved are smdl. In broad terms, the TAFV results match recent hitorical outcomes well:
very little dternative fue is being demanded (on the order of 0.1% of total fuel demand by light-
duty vehicles).



Table E-2 summarizes some of the fuel displacement and welfare cost results given the base-case
assumptions on fud prices. Many more results are available in summary Tables 7, 8, 9, 10, 11, 12. As
can be seen, the effectiveness and average cost of the various policies vary widely. In each of the cases
The wdfare codt is the discounted sum of consumer and producer surplus net of any taxes or subsidies
over the 1996-2010 time horizon, plus any costs or benefits associated with the termind period, relaive

to the base case or current policy.

Table E-2: Fud Displacement Summary Table
AEO Base, Higher LPG Cost

Policy Gasoline Total Welfare Incremental
Displacement | Displacement Cost™ Displacement
in 2010° 1996-2010 Cost™
Units Percent BillionGGE | Billion $96 HGGE
Base (No Poalicy) 9.2% 178.82 0.000 NA
Late Private (P&L) Rule 9.2% 178.80 1721 NA
Late Private Rule with 50% Fuel Mandate 9.7% 183.18 3944 156
Continued Ethanol Tax Credit 9.2% 178.88 0.038 0.46
Low-GHG Fue Subsidy 9.3% 179.07 1.267 0.44
Increased CAFE Standards 9.2% 178.85 0.309 0.36
Retail Alternative Fuel Sales Mandate 30.0% 34340 26.567 0.29
Ensign Bill: $0.50 AF credit thru 2004 9.2% 180.25 0.226 0.28
Extended Ensign Bill: $0.25 AF credit thru 2009 9.3% 180.15 0.196 0.26
Extended Ensign Bill: $0.50 AF credit thru 2009 9.3% 181.17 0.370 0.29
No Transitional Barriers (Long-Run) 14.9% 224.20 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 9.3% 179.16 1.804 835
P& L Rule Plus Low-GHG Fuel Subsidy 9.3% 17959 1904 407
P& L Rule PlusIncreased CAFE Standards 9.3% 179.35 2371 310

* |ncludes displacement from both alternative fuels and replacement fuels, including the replacement fuel content of gasoline.

**The welfare cost is the discounted sum of consumer and producer surplus net of any taxes or subsidies over the 1996-2010
time horizon plus any costs or benefits associated with the terminal period, relative to Base/current policy.
*** The cost per gallon is the discounted welfare cost divided by the discounted sum of fuel displacement over the 1996-2010
time horizon plus any costs, benefits and displacement associated with the terminal period.

These reaults lead usto severd observations. First, in amarket economy where vehicle manufacturers,
fud suppliers, and consumers dl make independent decisons, the efficacy of government policiesto
reduce the dependence of the United States trangportation sector on petroleum is highly dependent on
the world price of petroleum. Second, the penetration of adternative fuels and AFVs depends on the
fud retall infrastructure, the ability to achieve large-scde AFV production, and other transitiona
barriers. Absent new government policies to reduce these trandtiond barriers, it islikdly that the
United States will not achieve EPACT's 2000 and 2010 displacement gods. Governmenta policies
can effectively reduce these barriers and can dlow aternative fues to compete in the marketplace with
gasoline. However, given the current and expected low price of petroleum in the world today, the

policies that we have examined are not likdly to be sufficient.
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1.0 Introduction and Overview

Pursuant to Section 502(a) of the Energy Policy Act of 1992 (EPACT) the Secretary of Energy is
required to establish a program to promote the development and usein light duty motor vehicles of
domestic replacement and dternative fuels. Further, such a program should, to the extent practicable,
ensure the availability of those replacement fuels that will have the greatest impact in reducing oil
imports, improving the health of our Nation's economy and reducing greenhouse gas emissons. Section
502(b) of EPACT requiresthat the Secretary, among other things, estimate the technica and economic
feashility of achieving the gods of producing sufficient replacement fudls to replace, on an energy
equivalent basis, at least 10 percent of motor fuel use by the year 2000; and at least 30 percent by the
year 2010, with at least one haf of such replacement fudls being domestic fuels, and determine the
greenhouse gas emisson implications of increasing the use of replacement fues, including an estimate of
the maximum feasible reduction in such emissions from the use of replacement fuels?

In 1996, DOE published the results of ther initid andyss of EPACT’ S godss, usng the Alternative
Fuels Trade Modd (AFTM, USDOE 1996, Leiby 1993). This study determined, among other things,
that (p. xii): “For the year 2000, 10 percent replacement of light-duty motor fud use with dternative
and replacement fuelsis feasible and appears likely with existing practices and policies” The USDOE
report further stated: “Displacing 30 percent of light-duty motor fud use by 2010 gppears feasible.
However, this estimated feasibility is based upon anumber of assumptions that may not be realized
without additiond dternative-fud inititives” Consumption in 1998, however, of dternative and
replacement fuelsis estimated to account for 2.6 percent on a gasoline-gallon-equivaent (GGE) basis,
of on-road transportation fud use (EIA, 1997a, Table 10). Thus, it appears unlikely that the year
2000, 10 percent displacement god will beredlized. In addition, as described in detail in this report
below, it isdso quite unlikely for the year 2010, 30 percent displacement god to be met absent
ggnificant new policy initiatives. On the other hand, some policy scenarios described below do
approach EPACT’ s 2010 replacement gods. The results from these scenarios describe the
investmentsin retail and vehicle production infrastructure that would be necessary for these policiesto
be successful.

2 According to EPACT (Section 301): “[ T]heterm ‘replacement fuel’ means the portion of any motor fuel that is
methanol, ethanol, or other alcohols, natural gas, liquefied petroleum gas, hydrogen, coal derived liquid fuels, fuels
(other than alcohol) derived from biological materias, electricity (including electricity from solar energy), ethers, or
any other fuel the Secretary determines, by rule, is substantially not petroleum and would yield substantial energy
security benefits and substantial environmental benefits.” In addition, “the term ‘alternative fuel’ means methanol,
denatured ethanol, and other alcohols; mixtures containing 85 percent or more (or such other percentage, but not
less than 70 percent, as determined by the Secretary, by rule, to provide for requirements relating to cold start,
safety, or vehicle functions) by volume of methanol, denatured ethanol, and other alcohols with gasoline or other
fuels; natural gas; liquefied petroleum gas; hydrogen; coal-derived liquid fuels; fuels (other than alcohol) derived
from biological materials; electricity (including electricity from solar energy); and any other fuel the Secretary
determines, by rule, is substantially not petroleum and would yield substantial energy security benefits and
substantial environmental benefits.”



The reasons why this report’ s conclusions differs from those of the earlier sudy sems, mainly, from
their different methodological approaches and because of the projected low price of gasoline that
makes dternative fudls rdaively less atractive than otherwise would be if gasoline were more
expendve. The earlier AFTM modd characterizes a Satic (one-period) equilibrium that assumes
widespread availability of aternative fuels and vehicles. The AFTM mode presents a“snapshot’ of
dternative fue and vehicle use assuming mature vehicle technologies produced at large scde and a
well-developed dternative fud retall sector. For dternative fuel and vehicles to achieve substantia
energy security and emission benefits, however, it is necessary for them to be widdly adopted. This
requires large invesmentsin fuel and vehicle infrastructure by private firms and individuas.

The Trangtiona Alternative Fuels and Vehicles (TAFV) Mode, whose results are discussed in this
report, Smulates the use and cogt of dternative fuels and aternative fuel vehicles over the time frame of
1996 to 2010. Asthe mode’s name suggests, the TAFV modd is specifically designed to examine the
transitional period of dternative fud and vehicleuse. That is, the modd isafirg attempt to
characterize how the United States’ market for AFV's might change from one based on new
technologies available only at a higher-cost and lower-volume, to aworld with more mature
technologies offered at lower cost and wider scae. It explores the effectiveness of current policies
authorized under EPACT and the Alternative Motor Fuels Act of 1988 (AMFA), aswell as potentia
policies that would be necessary for this transition to happen.® By miaking the scale of dternative
vehicle and fud production and the retail availability of dternative fuds endogenous, the TAFV model
fillsagap in dternative fuel andyss. In contrast to the AFTM, the TAFV modd specificaly
characterizes the time path of investment and adjustment, in order to eva uate the importance of
trangtiond barriers. The results from the TAFV modd do, necessarily, reflect its many primary
assumptions such asthe pricesfor vehicle and fud production capitd, the costs of raw materids, and
the input-output assumptions that describe the productivity of aunit of capitd in its respective
employment.

More generdly, the TAFV mode provides a methodology for smulating the introduction of new
technol ogies where economies of scale and endogenous feedback effects are important. 1t isour belief
that explicitly modeling these dynamic effects is very important and cannot be ignored for awide variety
of economic and environmenta questions that involve ether fixed investment in capital or pollution
stocks such as greenhouse gas emissions.

3Other studies, which examine alternative fuels and vehiclesin amulti-year, dynamic setting (e.g., Fulton 1994, Rubin
1994, and Kazimi, 1997) take technologies and prices as exogenously given. That is, they do not examine the
important linkages between investmentsin alternative fuels and vehicles, investment in alternative fuel retailing

infrastructure, and the prices and availability of those technologies.
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1.1 Principal Objectives

The principd objective of the TAFV modd isto provide aflexible, dynamic-smulation modeing tool
that can be used for policy andyss. One use of the TAFV modd is to assess possible waysin which
AFV fleet mandates (authorized under EPACT) or incentives may influence the ARV trangtion.
Because of its flexible design, the TAFV modd is dso adle to examine many other policy scenarios
including the effects of tax policies that subsidize or pendize fuels based on their relative greenhouse gas
emissons (GHG), possible ail price shocks, and policies that target retail outlets.

There are avariety of trandtiond phenomenaat work in AFV markets, which might by influenced by
policy. Asdternaive vehicle and fud producers gain cumulative experience, some cost reductions
through learning and economies of scae are expected. If vehicle manufacturers are encouraged to
design and introduce new models with aternative fud capability, the number of vehicle makes and
modd s offering dternative fud capability rises, and consumers vaue this greeter choice. Incentives or
programs leading to the earlier development of fud ditribution infrastructures can incresse fud
avalability. Thiscan greetly lower the inconvenience cost associated with refueing, lowering the
effective cogt of dternaive fuds. Promoting the introduction of AFVs may alow consumersto gain
familiarity, reducing their uncertainty about fuel and vehicle performance and reliability. Programs
cdling for the purchase of AFVs by fleets induce vehicle production, promote refueling infrastructure,
and lead eventudly to the sde of used fleet vehiclesto private consumers. The availability of AFVsto
used-vehicle buyers, increases consumer familiarity with AFV's and dternative fuels, possibly leading to
expanded private demand. Each of these possible linkages may work dowly, as investments are made
and vehicle and capitd stocks adjust. Many, but not dl, of these transitional phenomena are captured
by the current verson of the TAFV modd.

1.2 General Model Structure

The overdl objective of the TAFV modd is to maximize consumer and producer surplus (well-being)
from transportation services. The TAFV mode characterizes, in varying degrees of detall, interactions
among fuel providers, vehicle producers, fue retailers, private vehicle purchases and flegt vehicle
operators. A schematic of these interactionsis shown in Figure 2 below.*

AFurther details on the general model structure can be found in Leiby and Rubin 1996, 1997.
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Figure 2: Conceptual Diagram of TAFV Mode
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Asis shown, new vehicles and vintaged on-road vehicle stocks are tracked. Also tracked are vehicle
production capacities and utilization, fue production, and fud retall production and capacity. Within
these modules are endogenous feedback effects from: vehicle economies of scae; the rdative richness
or “divergty” of vehicle modes offered with each AFV technology; retall economies of scae; and, the
cogt to consumers of limited fud avalability.



1.3 Cost Function Representation of Supply Modules

Each of the supply modules shown in Figure 2 is represented by a single-period cost function C,,
defined for each time period, region, fud, and vehicletype. Examplesinclude: vehicle production
cogts, fuel production or conversion costs, fud retailing costs, raw materid supply costs; and sharing or
mix cogts associated with vehicle and fuel choices. The sharing codts reflect the welfare loss due to the
digtortion of choice from theidedly preferred mix of fuel and vehicle non-price attributes, given unequa
market prices of fuels and vehicles (Smal and Rosen 1981, Anderson, de PAmaand Thisse 1988,
Leiby and Greene 1995). The cost functions summarize the way in which changing levels of activities,
inputs, and outputs affect the costs for each supply module, and implicitly define the co-minimizing
behaviora relationships among the modd’ s variables.

In some cases the supply module involves investments |, in fixed capita stocks K, with long-lived
(multiperiod) cogts and benefits. If s, the module cost function includes the net variable cost of current
activities (CY) plus the costs of current investments (I, C/X) in each period minus the estimated
discounted salvage vadue of dl remaining capitd stock at the end of the last period. Estimated sdvage
vaues are determined taking into account depreciation, discounting, and expected future use value. For
vintaged vehicle stock, future use vaue declines with vehicle age and use.

1.4 Market Balancing Conditions

For each period, the objective isto represent the short-run market balance that results from maximizing
consumer and producer surplus (well-being) from trangportation services. This means that we wish to
assure that the following short-run conditions are met in each period:

I. the margina cost of producing each commodity equasits price;

il. the margind benefit of each demand equasits price;

. the margind profitability of each intermediate converson (e.g., converting gasoline and
ethanal into EB5) activity is zero (unless congrained, in which case short-run profits can
be positive or negative); and,

V. the margind current period vaue of investment equas the price of capitd minusthe
discounted expected future vaue of the equipment from the next period.

We require incrementa investment in technol ogy-specific capitd to be non-negative. If new investment
is zero, the profitability of existing capitd isinsufficient to maotivate new investment, and the fourth
condition stated above is not met. Disnvestment may be desired, but is not alowed.

The partid equilibrium solution is calculated with GAMS (Brooke, Kendrick and Meeraus 1992) and
yields market clearing supplies, demands, trade, and conversion process levels. It requires that
supplies, plus net output from conversion activities plus net trades between regions must be greeter than
or equa to demand. Fina demands and basic commodity supplies are "price responsve” in that their



quantities will depend on market pricesin each period. Fue blending and conversion, fue distribution
and retail markup, and the combination of fuelswith vehiclesto provide vehicle services are
represented with linear conversion processes. For conversion processes requiring durable cepita
equipment (such as methanol fud production or vehicle production), the maximum leve of activity is
congrained by the amount of ingaled capital. In addition, a cgpitd stock evolution congraint links
depreciated capital and investment in each period to the next period' s sarting capita stock.®

2.0 Principle Assumptions and Data
Theimportant assumptions and data sources can be broken down into the following general aress.

! Wholesale fud supply curves (annud) for

C Gasoline

C Natural gas (supply to transportation sector, net of other sector demands)
C Ethanol (from corn and cellulosic biomass)

C Foreign methanol

! Wholesde fuel converson costs and input-output coefficients
C LPG (based on natura gas price)

C Methanol (from natura gas)

C Electricity

Vehicle production cost curves

Motor fuels taxes

Fud digtribution and retailing cost curves

Greenhouse gas coefficients

Fleet sdles subject to AFV mandates (current and late rule)

Many, but not al, of these assumptions and data sources are described in the pages below.
2.1 Wholesale Fuel Supply Curves
Gasoline and Natural Gas

Annua wholesde gasoline and natura gas supply curves pass through the price and quantity projections
from AEQ98, taking into account price-quantity sengtivities as estimated by the AFTM. This
methodology insures that the TAFV mode uses the standard 1996-2010 AEQO base price assumptions,
but takes advantage of AFTM'’ s extensive characterization of for the endogenous variation of price with
quantity demand. These gasoline and natura gas supply curves can be seen in Figures 3 and 4.

STechnical details can be found in Lei by and Rubin (1997).
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Ethanol

Ethanol for use as ether aneat fud or additive can be efficiently derived from two primary sources:
grains (corn) and woody biomass. Feedstock supply curves are derived from data provided by Wash
et d (1997), Perlack (1997), and Kimbill (1996). The feedstock supply and conversion process data
were used to generate margind cost curves for ethanol supply a five-year intervas. These aggregate
biomass-to-ethanol supply curves reflect the least cost mix of the available biomass feedstocks. The
aggregate supply curves were then fitted to avariable dagtic functiona form convenient for usein the
TAFV modd. Theseare shownin Figure 5, 6, 7 as the smooth fitted curves overlaying the more

irregular estimated curves. Technica details on the construction of the ethanol supply curves can be
found in Bowman and Leiby (1997).
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Foreign Methanol
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2.2 TAFV Motor Fuels Taxes

Taxes on gasoline and dternative fuds are a Sgnificant component of the overal cost of transportation
sarvices. Because fue taxes are not equd on a per-mile or per-BTU basis, they can sgnificantly ater
the relative atractiveness of the trangportation fuels. The base case results uses current federd tax

rates (26 U.S.C. Sects. 4041, 4081) aweighted average of state excise taxes (USDOE, 1996, Table

IV-1) and, for ethanol, a$0.54 per physical gdlon ethanol tax credit.® These tax rates are shown
below.

®pursuant to TEA-21 the ethanol tax credit was extended through January 1, 2007 (TEA-21 Section 9003, "Extension
and Modification of Tax Benefitsfor Alcohol Fuels."
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Tablel: Fuel Taxesby Source

Taxesper Physical Gallon

Fuel Federal! State Renewable Total
Tax Credit

LPG 0.14 0.14 0.00 0.27

M85 0.09 015 0.00 0.25

Gasoline 0.18 0.17 0.00 0.35

E85 018 015 -0.46 -0.13

CNG (per MCF) 0.49 124 0.00 172

Taxes per Gasoline Gallon Equivalent?

Fuel Federal State Renewable Total
Tax Credit

LPG 0.19 0.19 0.00 0.38

M85 0.16 0.27 0.00 043

Gasoline 0.18 0.17 0.00 0.35

E85 025 021 -0.64 -0.17

CNG 0.06 0.15 0.00 021

The base case price assumption maintains federd and State taxes constant in red vaue over the
smulation time period. This assumption reflects the view that the mgority of federal and state funds are
dedicated to highway congtruction and maintenance and, therefore, will be periodically raised in nomind
vaue to offsat the effects of inflation. The ethanal tax credit is, however, not maintained at present
vaue over the time horizon, but declines in vaue due to inflation assumed to be3%. A sengtivity case
maintains the ethanol tax credit congtant in red vaue,

2.3 Retail Fuel Supply Curves

Although dl of the fud costs (e.g., taxes, wholesde fuds costs, trangportation and retailing costs) enter
the modd separatdly, retail fuel supply curves may be congtructed to gain an aggregete view of the
reldive retal codts of the fuelsto consumers. Since the price of each fuel depends oniitsleve of use,
each retail supply curve shown below is based on the assumption that al other fuds are held congtant at
their equilibrium levels. Plantgate fuel prices are basdlined to AEO98 projections for 1996 and 2010.
Digribution cogts, retail markups, and taxes are from various other sources. At the plantgate leve, the
price of E85 from biomass does become chegper by 2010 due to expected technologica advancesin
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biomass conversion efficiencies. Over this same time period, however, the $0.54 per gallon tax credit
is scheduled to be phased out and the two effects offset. Were thistax credit not phased out (asis

assumed in one policy case discussed below) the retail price of E85 would be much chegper than that
shown below for 2010.
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Figure 8: 1996 Retail Fuel Supply Curves

Note: Legend order follows magnitude in price. Pricesfor Conventional Gasoline shown at the 150-270 Mill
GGE/Day, dl others 0-120 Mill GGE/Day.
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Note: Legend order follows magnitude in price. Pricesfor Conventional Gasoline shown at the 150-270 Mill
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2.4 Vehicle Services Demand for New and Used Vehicles

Bendfitsin thismode come from the satisfaction of find demand for transportation services. Reference
final demand is determined from projections of light-duty vehicle fud use (excluding diesd) from VMT
projections for 1996 to 2010 given in the AE098. The totd demand for light-duty fud is satisfied by
the use of existing (used) vehicles and the purchase and use of new vehicles. The use of older vehicles
islimited by the stock of each vehicle type given afixed, age-adjusted use profile.

Each year, to the extent that exigting vehicle stocks are insufficient to satisfy the demand for
trangportation services, amix of new vehiclesis purchased. New vehicles are chosen according to a
nested multinomia logit (NMNL) choice formulation, which isacommon way of modding discrete
choice behavior. Vehicle choice is based on up-front vehicle capital costs, non-price vehicle attributes
and expected lifetime fuel cogts. In thisway, long-lived investment consequences are reflected in
vehicle choice. Nested fud choices must be made for the vehicles that are dud or flexibly-fueled,
based on fud price and non-price attributes.
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Formdlly, for compodte vehicle services demand in year t of type g, the choice fraction for input
aternative f will depend upon its (conditional expected indirect) utility, Vg, which isalinear function of
new vehicle price P;; and non-price attributes:

- B
Vigr ™ By(Pbahanhan¥—-Cy) )
9

The attributes include, for example:

R, cost sengitivity parameter for choice over vehicle types,

Py vehicde pricefor fue technology f, a timet;

aR vehicle range (distance between refuelings) equivaent cog;

aw Vvehideweght to performance equivaent cog;

ap relaive diverdty of vehicle models, equivaent cog;

3 fud price sengtivity for vehide and

o expected effective fuel cost over vehicle s lifetime, given current and expected future
prices for the fuels vehicle f may use, and accounting for expected fud availability, and
other fuel attributes.

The choice among vehicles, therefore, responds to endogenous current vehicle and fud prices and
endogenous future fuel prices. The trestment of vehicle and fuel choice parametersin the TAFV modd
is based on Greene' s “Alternative Vehicle and Fud Choice Modd,” (Greene, 1994).

Since vehidle and fuel choice is endogenous, it isimportant to specify which fud and vehicle

characteristics are consdered in the fud and vehicle choice sub-modules, and which characteristics are
endogenoudy determined. These characterigtics are shown in the Table 2.
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Table 2. FactorsInfluencing Fud and Vehicle Choice

Factorsconsidered in Fuel Choice Endogenous Exogenous
Fuel Price X

Fuel Availability (fraction stations offering fuel) X

Refueling Frequency (based on range) X
Refueling Time Cost X
Performance Using Fuel (HP:weight ratio changes) X
Factors Considered in Vehicle Choice Endogenous Exogenous
VehiclePrice X

Fuel Cost (including effective cost of non-price fuel attributes) X

Performance (changesin HP-to-weight ratios) X
Cargo Space (loss due to space required for fuel storage) X
Vehicle Diversity (number of models offering AFV technology) X

Given the exogenous vehicle and fud characteritics shown above, Table 3 gives the default shares of
fudsand vehidlesif their endogenous prices and availability were equal. The TAFV’s projected fue
and vehicle choices differ from these default shares to the extent that dl fuels and vehicles do not have
equd prices and availability.
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Table3: Market Choice Shares

Given Equal Prices, Fuel Availability and Vehicle Diversity

Vehicle Fuels Fuel Share Vehicle Share
Conventional Conventional Gasoline 16.9%
Conventional Gasoline 19.0%

M85 40.20%

Flex-Fuel E85 40.20% 16.8%
Conventional Gasoline 90.8%

CNG Bifud CNG 9.2% 7.1%
Conventional Gasoline 76.0%

LPG Bifuel LPG 24.0% 13.8%
CNG Dedicated CNG 9.7%
L PG Dedicated LPG 15.6%
M85 50.0%

Alcohol Dedicated. E85 50.0% 194%
Electric Battery EV 0.0% 0.6%
Total NA NA 100.0%

2.5 Key Transitional Phenomena M odeled

From preiminary andlys's, and discussions with our working group, we have identified some key aress
that strongly affect the trangition to dternative fuels and vehicles. Because of their potential importance,
these areas have been explicitly modeled.

! Cods to consumers of limited retail fud availability for dternative fues

C
C
C

Capita stock durability and turnover

Vintaged vehicles
Durable vehicle and fud production plants (for domestic methanol)
Durableretall fud infrastructure

Scde economies for vehicdes and fuds
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I Endogenous vehicle mode diversity
C costs to producers
C vaue to consumers

2.6 Effective Costsof Limited Retail Fuel Availability

Mog dternative fuds are currently available a only very few retall sations. Firgt principles, and
evidence from surveys of diesdl car buyers (Sperling and Kurani, 1987) suggest that fuel availabilities
below 10% can impose large implicit costs on consumers. Thereis, however, little empirica evidence
asto the possible size of these costs. Our approach isto use work by Greene (1997) who models
availability usng arandom utility, binomid logit choice framework. Within this framework, the vaue, or
utility, thet the jth individual receives from choosing fuel option i isgiven by

U, T A B, % Cig(sh) % e, @

where A are non-price atributes of the fud (e.g., safety, smell, etc.), P; isthe price of the fud, 9(s F)
isthe perceived retail availability of theith fud and e; isarandom error term. Theterm B convertsthe
market price of fuelsin to consumer satisfaction or utility and, hence, can be interpreted as the margind
utility of adollar. Thelog of the oddsin favor of purchasing fuel option 2 rather than fuel option 1 is
given as’

|Pr0b2' & A, % B(P, & P,)%C(g(s.)&y(s 3
Prob, A, & A, % B(P, & P)%C(g(s,)&g(s,)). (3)

To determine what percentage of the time consumers would choose to use one fud rather than another
given different fud prices and availabilities, Greene asked the following question in two nationa surveys.

“Suppose your car could use gasoline or anew fud that worked just aswell as gasoline. If the
new fuel costs 25 (10, 5) cents LESS per gallon but was sold at just one in 50 (20, 5) stations,
what percent of the time would you buy this new fud?’

The results from these surveys were used to estimate (3). In order to do the estimation, afunctiona
form must be chosen for g(s). Greene estimated four forms:. linear (g(s) = s), exponentia

(9(s) " ePs), power (g(s) = s, and logarithmic (g(s) = In(s)). The costs per gallon for limited fuel
availability usng the two better-fitting functiond forms are shown in Figure 10.

"This result follows from maki ng the standard assumption that the error term follows atype 1 extreme value
distribution, see Madalla, Chapter 2.
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Figure 10: Costs of Limited Retail Availability

Greene notes (p. 34) that it is not possible to definitively discriminate among the dternative functiona
forms, but that the exponentia functional form fits the data best and behaves reasonably over the whole
range of fuel avallabilities. Besidesissues of fit, we have chosen to use the exponentid functiona form
because our intuition tells us that a 50% fuel availability (every other gas station) the cost pendty ought
to be small. For the exponentid functiond form, the cost pendty at 50% availability is 2¢ per gdlon,
while the fuel availability cost is 7¢ per gdlon using the logarithmic functiond form. At 0.1% fue
availahility the cogt per gdlon, using the exponentia functiond form, is 35¢.

2.7 Vehicle Manufacturers Costs per Model
The TAFV modd is designed to estimate the codts of vehicle production for the following dternative

fuds LPG, CNG, dcohols, and éectricity. The vehicles are either dedicated to a particular fud type
or are cgpable of using both gasoline and the respective dternative fud.2 AFV costs (shown in Table

8The one exceptioniselectricity. Hybrid electric vehicles are currently not characterized in the model, but we plan to
include them in the future.
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4) are cdculated from engineering-economic estimates of the incrementa cost of each AFV fud
technology compared to conventiona vehicle technology (EEA, 1995¢). EEA bdievesthat AFV
technologies, except for eectric vehicles, are mature. Here “mature’” means that, for a given production
scae, further production experience will not reduce per-unit production codts a arate significantly
fagter than conventiona vehicle production costs will decline. There do exist, however, substantia per-
unit cost savings with larger scae production.

We therefore modd per-unit vehicle production costs as a declining function of the installed production
capacity availablein each year. The volume of production in any given year is constrained by the leve
of cumulative capacity investment less cgpacity decay. This means that vehicle prices are endogenous
variables. This has the advantage of admitting the positive feedback effects from palicies (such as AFV
fleet programs) that encourage the adoption (and hence larger scale production) of AFVs.

Table4: Incremental Vehicle Production Costs
(Capital and Variable, Compared to a Gasoline Vehicle)

Vehicle Type Plant Scale (Vehiclesper Year)

2,500 25,000 100,000
Alcohol Dedicated $2,038 $363 $223
Alcohol Flexible $1,911 $409 $284
CNG Dedicated $5,349 $1,841 $1,548
CNGDud $5,792 $2,015 $1,701
LPG Dedicated $3,745 $972 $741
LPG Dua $3,778 $1,109 $387
Electric Dedicated (1996) $42,125 $11,060 $8471
Electric Dedicated (2010) $29,627 $5,974 $4,003
* For large passenger vehicles. Note: these figures reproduce the estimated | RE based on EEA’s accounting
methodology, " Specification of aVehicle Supply Model for TAFVM," Sept., 1995, p.1-2. They differ slightly from
some numbersin EEA’s Table 5-2.

For each fuel technology, vehicle costs increase as the richness of offerings (the number of makes and
moddls) increases. Vehicle diverdty is a choice variable under the control of the vehicle producer.
Note that while mode diversity adds to the vehicle producers cogts, thereis amotivation for producing
diversity snceit makes avehicle (fue) type more attractive to consumers. Representative cost curves
for these vehicle types are shown in Figure 11.
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Figure 11: Vehicle Production Cost vs. Scale

2.8 Endogenous Vehicle-M odel Diversity and the Effective Cost of Limited
Diversity

Consumers contemplating buying a new gasoline-fuded car are offered awide variety of makes and
models with a huge number of festures to choose among. The attractiveness of an dternative fue
technology will depend on the diversity of vehicle modeds for which it isavailable. Offering, for
example, methanal fud technology on only a single modd will put methanol vehidles a an disadvantage
compared to gasoline vehicles, dl dseequa. At the sametime, offering methanal capability on severd
different models is expensve because it lowers plant scae for any overdl level of production. Rather
than predetermining the number of makes and modds offered with aternative fud capability, we
endogenize the level of modd diversty by balancing the additiona production codts off againg the
additiona consumer satisfaction.

Thisis accomplished by defining avariable n; which represents the number of makes and modds of fuel
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typef produced. On the vehicle production side we divide the total industry production capacity for
vehides of fud typef by n; to determine the average plant sze. On the consumer side we incorporate
n; into the our multinomia choice framework by adapting a framework suggested by Greene (1997).
In our gpproach, the unit consumer benefit of having n; models to choose from with fue typef, is.

B " 2l

n; 4
2 @
n, number of conventiona gasoline vehicle moddss offered, based on current data;

3 NMNL parameter for choice among vehicle-types, and

a reflects the popularity-order in which manufacturers choose vehicle modds to offer the
fud technology f.

If dternative fud capability isintroduced “randomly” on different vehicle modds, then the gppropriate
vdueforaisa=1. Ontheother hand, if the new technology is offered on the most popular vehicles
fird, then we can estimate a based on the current popularity distribution of conventiond vehicle models
(a - 0.37). Numericdly, thisimpliesthat the unit costs of limited divergity per AFV would range over
the following magnitudes.

$0/vehicle (when modd diversty matches that of conventiona vehicles);

$770/vehicle (if the new fud technology is offered on the most popular modds first), and

$2080/vehicle (if fuel technology is offered on only one random model AFV).
In the smulation results shown below we have assumed that AFV technology would be introduced on
the most popular modelsfirst. Therefore, the redized cost of mode diversity will vary between $0 and
$770 depending on the number of modes offered. The number of AFV modes built will be
determined by the market tradeoff between production costs and the additional consumer satisfaction
gained from the grester model diversty.

2.9 Gasoline Displacement by Replacement Fuelsin Refor mulated and
Oxygenated Gasoline

Some gasoline is displaced by replacement fuels embodied in reformulated and oxygenated gasoline
which contain naturdl gas, hydrogen, and alcohol and ether oxygenates. For this analyss the assumed
average oxygen content of the pool of reformulated gasolineis 2.2 percent by weight. The fraction of
reformulated gasoline assumed to exist over the entire time horizon is set at the 1997 leve of 31.2%.
Oxygenated gasolines make up an additiona 7.3% of tota motor fuel demand or 10.75 % of the
conventional and oxygenated mix (EIA, 1997, Table 2).
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Table5: Replacement Fuel Coefficients
Fuel Replacement Coefficient
Conventional Gasoline 6.52%
Reformulated Gasoline 14.3%%
M85 75.37%
E85 80.39%
CNG 100.00%
LPG 100.00%
Electricity 100.00%
Gasohol 11.82%

3.0 Scenarios and Results

The TAFV modding study has been designed to examine the possible trangition from the current
market in which thereisrddivdy little dternative fue use to onein which aternative fudsreplace a
subgtantid fraction of gasoline, such as the outcome characterized by DOE' s earlier long-run andysis
(AFTM, USDOE 1996). The distinguishing feature of this current AFV study isits attention to
trangtiond barriersto the introduction of dternative fues and vehicles. Trangtiond barriersinclude:
vehicle and fud production scae economies; the consumer costs of low retail fud avallability and limited
AFV vehicle modd diversity; and the dow turnover of durable capitd equipment and vintaged vehicle
gock. Thesetrangtiona barriers may delay or even prevent the adoption of dternative fuels. Given
dynamic effects, postively reinforcing fuel and vehicle technologies, and trangtiond issues, the market
may either not atain a new steedy-gtate equilibrium, or it may find some new equilibrium digtinct from
both the current gasoline-based light-duty vehicle economy and from the long-run dternative fud mix
indicated by prior sngle-period anayses.

To assess the importance of trangtional barriers, our first two scenarios examine the modd’s
implications for dternative fud usein the aosence of any new policies, without and with the inclusion of
potential trangtional barriers. The “base” case scenario usesthe TAFV modd as congtructed, including
trangtiond barriers, and assumes no new palicy initiatives by the federd or Sate governments. The
“no trangtiond barriers’ scenario usesthe TAFV modd with base policy assumptions, but diminates all
trangtiona barriers, in order to compare its behavior to DOE’ s previous long-run equilibrium anayses
(e.g. AFTM, USDOE 1996). Subsequently, we discuss many of the 23 policy combinations
consdered to examine awide range of potentia federd policies such as: the impact of afederd
rulemaking to require private and local government fleets to purchase ARV, fud tax subsdies, various
versons of the Ensgn Bill, and the mandated sde of dternative fuds. A completelist of the policies,

23



and assumptions behind the scenarios, can be found in Appendix 1.

Table6: Fuel Cost and Tax Scenarios

Name Description

Base Case AEQO98 Base Case Fuel Prices

High Oil Price AEO98 High World Qil Price projection (including higher gas prices)
Favorable AEQ098 High World Qil Priceswith tax credits inflation adjusted
Lower LPG, Cost AEQ98 Base Case Fuel Priceswith lower LPG prices

Lower LPG, High Qil Price AEO98 High World Oil Prices with lower LPG prices

Oil Shock AEO98 Base Case Fuel Priceswith an il shock in 2005

Each of the policy casesisrun under the six different fud price and tax scenarios shown in Table 6. In
total, therefore, there are 138 policy cases (6 X 23). Sinceit isnot practical to present this much
materid in tabular form, we can provide software upon request for readers interested in the detailed
results not summarized in this section. Ingtructions on how to use this software are found in Appendix
3, 4.

3.1 Base Case Scenario Assumptions

Inthe TAFV mode anayses, fuel production costs vary over time. In the base case and elsewhere,
unless specificaly noted, reference costs reflect AEO98 projections as described in Section 2.
Alternative fuel taxes reflect current law, with a phase-out of the ethanol incentive by 2008.° There are
two federd AFV palicies currently in place which we modd explicitly: EPACT’ s existing mandated
purchases of AFVs by fleets, and CAFE credits for producers of AFVs. Both the existing EPACT
fleet mandates and possible additiona fleet mandates which may be required under a* private and local
rulemaking” are shown in Figure 12. Asis seen, these fleet vehicle mandates currently represent less
than one-half of one percent of new vehicle sdles. Under the Private and Local Rule, fleet vehicle
purchases rise to about two and a quarter percent of new vehicle sales.

We have chosen to use motor fuel taxes denominated in constant, rather than current, dollars. Thisreflectsthe
anticipated risein nominal fuel taxes to maintain the current level of funding for the highway trust fund. In contrast,
the ethanol tax credit is denominated in nominal dollars and declines at a 3% ayear reflecting our assumption about
the long-term rate of inflation.
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Figure 12: EPACT Mandated Fleet Purchases

A second important policy driver included in the base case is the favorable treatment received by AFVs
in the calculation of each manufacturer’ s Corporate Average Fuel Economy (CAFE). When caculating
avehicle manufacturer’s CAFE under the provisions of the Alternative Motor Fuels Act of 1988
(AMFA), AFVs aretreated as highly fud-efficient. This makesit easier for amanufacturer to comply
with the CAFE standards. According to the AMFA (including revisons contained in EPACT), agdlon
of dternative fuel used in adedicated dternative fuel vehicle shdl be considered to contain 15% of a
gdlon of gasoline (on an equivdent fuel bass). Based on avoided pendties, our analyss indicates that
CAFE credits are worth $686 for dedicated vehicles and $343 per vehicle for flexible (and bifud)
vehicles (Rubin and Leiby, 2000). Dedicated and flexible vehicles can accumulate credits up until new
vehicles sales reach 0.5% and 1.0% respectively in each year. Beyond that point the CAFE standards
are unlikely to be binding, and therefore the value of any additiond credits would be iminated. In
addition, following the AMFA, CAFE credits for FFVs and dud-fud AFVs are discontinued after
2005.1°

10The AMFA, Section 513(g), a'so limits the maximum increase in amanufacturer’ s average fuel economy attributable
to dual and flexible fueled vehiclesto 1.2 MPG. No limitis placed on the CAFE MPG increase due solely to dedicated
AFVs.
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3.2 Base Case Fuel Priceswith No Transitional Barriers

The no trangtiond barriers (long-run anadyss) case consders what the evolution of dterndive fuds
would beif there were no trangtiond barriers: if vehicles and fuels were produced at large scale costs,
al motor fuds were widdy available at retall locations, and the limited diversity of AFV moddswere
not anissue!! Given AEO98 base case price assumptions, this scenario shows show a 7.7%
dternative fuel penetration by 2010 even in the absence of any new policies. Thisresult uses revised
LPG cogtsthat are higher than those assumed in the AFTM long run andysis (USDOE, 1996). In
addition, AFVs represent 32% of newly purchased vehicles. Using the lower LPG costs and higher
world oil prices (Smilar to those used in the AFTM) shows about a 20% 2010 penetration of
dternative fue with new AFVs making up about 53% of new vehicles. Theseresults and others are
displayedin Table 7, 8, 9, 10, 11, 12.

In the no trandtiond barriers case usng base case fue prices, by 2010 atotd of 15% of gasolineis
displaced with negat dternative fud and oxygenate blends. Other fue price assumptions increase this
displacement leved. With high world ail prices, petroleum displacement risesto 18% by 2010. If lower
LPG cogts are dso available, then in the absence of trangtiona barriers, we find that petroleum
digplacement would be 25.5%. These results are quite Smilar to those achieved in the long-run static
market penetration anayses done previoudy with the AFTM modd, which found that EPACT’ s 30%
gasoline displacement god could be achieved.

3.3 Base Case Fuel Priceswith Transitional Barriers

This case characterizes the possible market evolution starting from the current limited dternative fuel
availability and low AFV production scale, with no new policy. In the base policy casethereisdmost
no use of aternative fuds (less than %2 %) and very little production of AFV's (about 1%), regardless
of the assumed fuel and tax scenario. These results seem in marked contrast to DOE’ s 1996 long-
run anayss, which concluded thét if the necessary infrasiructure for a mature aternative fud and vehicle
industry were present, then “dternative fudls, as a group, appear likely to sustain a 30-percent market
share under equilibrium conditions.” (DOE 1996:13). However, the modeling results here suggest that
the necessary infrastructure may not evolve smoothly, and fuel and vehicle prices may not benefit from
economies of scae in the absence of additiond policies. Therefore, gasoline displacement may be very

Hone way in which the “no transitional barriers’ case above is distinguished from the AFTM long-run analysis for
2010 isthat the TAFV explicitly limitsannual increasesin AFV penetration by the rate of vehicle scrappage, and by
maximum expansion rates for the production of some vehicle types. Another issuesisthat at present inthe TAFV
model haslessinternational detail. For example, TAFV includes foreign methanol production, but not foreign LPG
productions, while the AFTM analysisindicated that by 2010 some of the L PG used would be imported. Another
modest difference isthe treatment of retail fuel availability. Inthe AFTM, all fuels are assumed to be widely
available. Inthe TAFV no transitional barriers case we assume that there is no consumer cost to low availability.
The least-cost way of providing fuels under this assumption isto have theretailing of each fuel be concentrated in a
limited number of stations, achieving scale economiesin station operations for each fuel. This does have some small
effect on theretailing cost.
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limited.

Thisisan important finding. It shows the crucid need to recognize transtiond barriers when examining
new, emerging technologies. Static, long-run equilibrium andyses (“ sngpshots’) are likely to lead to
mideading results when technologies and infrastructures are evolving.

CAFE-AFV Interactions

Although the base case results show littlein the way of dternative fud and vehicle use, they are il
worth examining in greater detail. Interestingly, after an initid start up period of two years, the
combined AFV sales (under dl price and tax scenarios) are just under 1% of vehicle purchases, with
the mgjority of the vehicles being dcohol FFVs. This result comes from the subsidies received due to
favorable AFV treatment under CAFE regulations.

Fud Displacement

As discussed above (in Section 2.9), petroleum is digplaced from use in the light-duty vehicle sector
from the use of dternative fuels as well as through the use of reformulated and oxygenated gasoline
containing natura gas, hydrogen, and dcohol and other oxygenates. Thus, the quantity of petroleum
displaced will aways be greater than the quantity of (energy adjusted) dternative fuel used. In the base
case, 9.1% and 9.2% of petroleum is displaced in the years 2000 and 2010, respectively. The quantity
displaced is virtudly the same in both years because the is very little dternative fud use and the share of
conventiona vehicles usng reformulated gasoline is held congtant over the modd’ stime horizon. This
result is not sengitive to our assumptions concerning world oil prices or the cost of LPG. The quantity
of oil displaced smply does not vary. Thus, we can conclude that, in the absence of new policy
initiatives, that the USis not likely to attain EPACT’ s 2000 or 2010 fud displacement goals.

Insights on the Importance of Trangtional Barriers

The results of these first two base cases (without and with trangtiond barriers) demondtrate three
features of the trangtional study. First, thereisagood degree of consstency with the AFTM 2010
results presented earlier, when using comparable LPG and oil prices, and omitting trangtiond barriers.
Secondly, trangtiond barriers are Sgnificant in redtricting the penetration of aternaive fuds and
vehicles and are likely to prevent the attainment of EPACT’s 2000 and 2010 fuel replacement gods,
absent additiond policies. Findly, aswill be demongtrated in subsequent policy cases that successfully
induce dternative fud use, trangitiond barriers (such as scale economies and the inconvenience of
limited fuel availability) dso promote specidization of the market in at most one or two dterndive fuds.
The convenience and cogt savings attainable with specidization outweigh the benefits of diversity. This
isin sark contrast to the divergity of fud technologies introduced in the “no-trangtiond barriers’ case.
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3.4 EPACT Private and Local Rulemaking

As mentioned earlier, the USDOE has the authority under EPACT to require private fleets and those of
date and loca governments to purchase certain percentages of AFV's (as shown in Figure 12) if it
determines that thisis necessary to attain EPACT s fue displacement gods. The effects of this Private
and Locd Rulemaking (P&L) policy option are examined in combination with most of the other policies
considered below.? In each casg, to implement this policy tool, we maintain the general scenario
assumptions, but impose the “late rulemaking” fleet mandate as well.

For the base case scenario the P& L rule induces private (non-fleet) vehicle ownersto purchase, by
2010, an additional 3% of AFVs. Thus, under the late rule atotal of about 5% of new vehicle sdes are
AFVsby 2010. The P&L rule haslittle or no effect, however, on dternative fud penetration or
gasoline displacement. In particular, over dl of the price scenarios, we find that the P& L rule increases
the dternative fud penetration in 2010 from 0.12% (without the P&L rule) to, at most, 0.37% of totd
fud sdes. Thisissmply because, given the low projected cost of gasoline, dternative fuels are not
gopeding to most fleets. Accordingly, the mgority of vehicles purchases are FFV's that use gasoline.
So, whilethe P& L rule can potentidly triple the dternative fud  use, the absolute magnitude of the
dternative fud demand is ill quite smdl. In addition, impostion of the P&L rule is not costless.

Various Policy Scenarios

Some of the policies examined, however, do lead to a Sgnificant quantity of fud digolacement. By
definition, the Retail Alternative Fuel Sales Mandate (RAFSM) case achieves the 30% replacement
god by 2010. What makesthis case of interest is not that it achieves mandated gasoline displacement,
but the freely chosen mix of fues and vehicles which comprise the mandated total. In addition, the net
cost to consumers, fud producers and vehicle manufacturers of attaining this god is rdevant. Under the
base fud price and tax scenario, aretail dternative fuel mandate requiring 30% displacement of
petroleum will be satisfied largely by the use of imported methanol (22.5%), NGL’s and hydrogen
(4%), oxygenate blends (2.5%), and very smdl quantities of LPG and CNG (1% combined). Thismix
does not change in the presence of higher world ail prices, nor if the ethanol tax credit isindexed for
inflation. The one case in which the mix changes substantidly, isif LPG isavailable a alower price
than projected by EIAs AEO98, that is one comparable to that used in DOE's AFTM study (AFTM,
USDOE 1996, Leiby 1993). In this case LPG could displace 15% of petroleum with the remaining
displacement coming from methanol and oxygenate blends.

Other than the dternative fuel sdes mandate palicy, the policies that are mogt effective in inducing the
displacement of petroleum are the Low Greenhouse Gas Tax Credit (LGHGTC) and Continued
Ethanol Tax Credit (CRTC) policies. Both of these policies rely on substantial subsidization of ethanol

2This policy tool isnot used in conjunction with all other policiesfor reasons of rationality. Specifically, we do not
examine the effectiveness of fleet mandatesin the presence of retail fuel sales mandates.
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and other low-GHG fuds. Given base case fue price projections these palicies are till not sufficient to
induce additiona dternative fue penetration. Given high world oil prices, however, these policies can
be effective, particularly if the ethanol tax credit is adjusted for inflation to maintain its present vaue of
$0.54 per physicd gdlon. Given high world oil prices, the LGHGTC induces petroleum displacement
from 9.1% to 11.3% by 2010. If, in addition, the tax credits are aso inflation adjusted 22.3% of
petroleum can be displaced by 2010. The CRTC policy caseisless effective since it only targets
ethanol. Nonethdess, it is able to induce a 16% displacement of petroleum if the tax credit is
maintained &t its present red vaue.

These reaults lead usto severd observations. First, in amarket economy where vehicle manufacturers,
fud suppliers, and consumers dl make independent decisons, the efficacy of government policiesto
reduce the dependence of the United States transportation sector on petroleum is highly dependent on
the world price of petroleum. Second, the penetration of aternative fuels and AFVs depends on the
fud retall infragtructure, the scale of production of AFVs, and other transtiona barriers. Absent new
government policies to reduce these trandtiond barriers, it islikely that the United States will not
achieve EPACT’ s 2000 and 2010 displacement goals. Governmentd policies can effectively reduce
these barriers and can dlow dterndtive fuels to compete in the marketplace with gasoline. This could
be very valuable should ail pricesrise. However, given the current and expected low price of
petroleum in the world today, the policies that we have examined are not likely to be sufficient without
large and sustained incentives.
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Table 7. Fuel Displacement Summary Table
AEO Base, Higher LPG Cost

Policy Gasoline Total Welfare Incremental
Displacement | Displacement Cost™ Displacement
in 2010° 1996-2010 Cost™

Units Percent Bill GGE Bill $96 $GGE
Base (No Palicy) 9.2% 178.82 0.000 No Change
Late Private (P&L) Rule 9.2% 178.80 172 No Change
Late Private Rule with 50% Fuel Mandate 9.7% 183.18 39 156
Continued Ethanol Tax Credit 9.2% 178.88 004 0.46
Low-GHG Fuel Subsidy 9.3% 179.07 127 044
Increased CAFE Standards 9.2% 178.85 0.31 0.36
Retail Alternative Fuel Sales Mandate 30.0% 343.40 2657 0.29
Ensign Bill: $0.50 AF credit thru 2004 9.2% 180.24 022 0.28
Extended Ensign Bill: $0.25 AF credit thru 2009 9.3% 180.15 0.20 0.26
Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.3% 182.98 113 050
Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 94% 180.65 0.49 0.47
Extended Ensign Bill: $0.50 AF credit thru 2009 9.3% 181.17 037 0.29
Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 9.6% 184.82 159 052
No Transitional Barriers (Long-Run) 14.9% 224.20 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 9.3% 179.16 180 8.35
P& L Rule Plus Low-GHG Fuel Subsidy 9.3% 17959 190 407
P&L Rule PlusIncreased CAFE Standards 9.3% 179.35 2.37 310
P&L Rule Plus Ensign Bill: $0.50 AF credit thru 2004 9.3% 180.32 199 224
P&L Rule Plus Extended Ensign Bill: $0.25 AF credit thru 2009 9.3% 180.06 192 2.68
P& L Rule Plus Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 94% 183.90 313 114
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit and AFV Creditsthru 2009 9.3% 180.27 210 258
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit thru 2009 94% 181.75 221 141
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 9.8% 187.02 391 0.95

* This includes displacement from both alternative fuels and replacement fuels, including the replacement fuel content of gasoline and RFC.

**The welfare cost is the discounted sum of consumer and producer surplus net of any taxes or subsidies over the 1996-2010 time horizon plus any costs or benefits associated

with the terminal period, relative to Base/current policy.

*** The cost per gallon is the discounted welfare cost divided by the discounted sum of fuel displacement over the 1996-2010 time horizon plus any costs, benefits and
displacement associated with the terminal period. “No Change’ signifies no changein thetotal displacement. “Decrease” indicates adecrease in total displacement.
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Table8: Fud Displacement Summary Table

AEO HWOP, Higher LPG Cost

Policy Gasoline Total Welfare Cost™ Incremental
Displacement Displacement Displacement
in 2010° 1996-2010 Cost™

Units Percent Bill GGE Bill $96 $GGE
Base (No Palicy) 9.4% 179.50 0.00 No Change
Late Private (P&L) Rule 9.3% 178.29 233 Decrease
L ate Private Rule with 50% Fuel Mandate 10.0% 18271 251 120
Continued Ethanol Tax Credit 9.3% 178.80 202 Decrease
Low-GHG Fuel Subsidy 11.3% 182.82 5.02 051
Decreased CAFE Standards 11.1% 18801 0.46 0.10
Retail Alternative Fuel Sales Mandate 30.0% 341.69 14.82 017
Ensign Bill: $0.50 AF credit thru 2004 9.3% 179.84 0.79 Decrease
Extended Ensign Bill: $0.25 AF credit thru 2009 94% 179.97 0.77 Decrease
Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.6% 187.01 278 Decrease
Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 9.5% 181.35 122 Decrease
Extended Ensign Bill: $0.50 AF credit thru 2009 94% 181.78 112 Decrease
Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 10.1% 188.13 2.86 Decrease
No Transitional Barriers (Long-Run) 17.9% 247.03 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 9.3% 178.30 234 Decrease
P& L Rule Plus Low-GHG Fuel Subsidy 9.3% 17914 251 Decrease
P&L Rule Plus Decreased CAFE Standards NA NA NA NA
P&L Rule Plus Ensign Bill: $0.50 AF credit thru 2004 9.3% 17997 2.56 Decrease
P&L Rule Plus Extended Ensign Bill: $0.25 AF credit thru 2009 94% 180.11 250 Decrease
P& L Rule Plus Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 NA NA NA NA
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit and AFV Creditsthru 2009 9.7% 18333 343 Decrease
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit thru 2009 23.0% 308.49 764 014
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 105% 192.05 5.29 494
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Table9: Fue Displacement Summary Table

AEO HWOP, Higher LPG Cogt, Tax CreditsInflation Adjusted

Policy Gasoline Total Welfare Cost™ | Incremental
Displacement Displacement Displacement
in 2010° 1996-2010 Cost™

Units Percent Bill GGE Bill $96 $GGE
Base (No Palicy) 9.3% 178.63 0.00 No Change
Late Private (P&L) Rule 9.3% 17891 178 9.77
Late Private Rule with 50% Fuel Mandate 10.1% 183.02 196 024
Continued Ethanol Tax Credit 16.5% 199.65 9.20 034
Low-GHG Fuel Subsidy 22.3% 24513 20.05 043
Increased CAFE Standards 11.8% 19853 0.52 004
Retail Alternative Fuel Sales Mandate 30.0% 34158 2541 0.28
Ensign Bill: $0.50 AF credit thru 2004 9.3% 179.83 0.13 0.18
Extended Ensign Bill: $0.25 AF credit thru 2009 9.4% 180.06 0.13 0.16
Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.6% 186.59 1.20 047
Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 9.5% 181.36 056 0.39
Extended Ensign Bill: $0.50 AF credit thru 2009 9.5% 18252 0.63 0.30
Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 10.1% 189.22 241 0.46
No Transitional Barriers (Long-Run) 16.9% 23940 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 17.3% 206.53 1193 041
P& L Rule Plus Low-GHG Fuel Subsidy 22.3% 247.20 21.67 0.45
P&L Rule PlusIncreased CAFE Standards NA NA NA NA
P&L Rule Plus Ensign Bill: $0.50 AF credit thru 2004 9.3% 179.80 185 265
P&L Rule Plus Extended Ensign Bill: $0.25 AF credit thru 2009 94% 180.04 185 240
P& L Rule Plus Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 13.6% 244,61 5.88 0.16
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit and AFV Creditsthru 2009 9.7% 18372 2.83 111
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit thru 2009 9.8% 186.47 303 0.78
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 10.6% 191.87 461 0.69
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Table 10: Fud Displacement Summary Table

AEO HWOP, Lower LPG Cost

Policy Gasoline Total Welfare Cost™ Incremental
Displacement Displacement Displacement
in 2010° 1996-2010 Cost™

Units Percent Bill GGE Bill $96 $GGE
Base (No Palicy) 9.3% 178.903 0.00 No Change
Late Private (P&L) Rule 9.4% 179.221 172 7.9
Late Private Rule with 50% Fuel Mandate 10.0% 183.937 326 114
Continued Ethanol Tax Credit 94% 179.031 165 0.28
Low-GHG Fuel Subsidy 11.0% 182511 4.63 0.36
Retail Alternative Fuel Sales Mandate 30.0% 343.130 7.85 0.08
Ensign Bill: $0.50 AF credit thru 2004 9.4% 180.852 0.17 0.15
Extended Ensign Bill: $0.25 AF credit thru 2009 9.5% 180.797 011 0.10
Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.8% 190423 244 0.40
Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 9.5% 181.420 0.32 0.24
Extended Ensign Bill: $0.50 AF credit thru 2009 9.7% 185.102 081 0.25
Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 20.5% 240.796 0.09 0.00
No Transitional Barriers (Long-Run) 25.5% 280.552 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 94% 179.303 173 6.02
P&L Rule Plus Low-GHG Fuel Subsidy 9.4% 180.151 1.89 2.68
P&L Rule Plus Ensign Bill: $0.50 AF credit thru 2004 94% 181.145 195 149
P&L Rule Plus Extended Ensign Bill: $0.25 AF credit thru 2009 9.5% 180.978 184 163
P& L Rule Plus Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.8% 190.816 431 0.69
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit and AFV Creditsthru 2009 10.0% 186.555 297 0.78
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 20.6% 239504 0.96 0.02

33




Table11: Fud Displacement Summary Table

AEO Base, Higher LPG Cost, Oil Shock in 2005

Policy Gasoline Total Welfare Cost™ Incremental
Displacement Displacement Displacement
in 2010° 1996-2010 Cost™

Units Percent Bill GGE Bill $96 $GGE
Base (No Palicy) 9.3% 177.88 0.000 No Change
Late Private (P&L) Rule 9.3% 178.07 1725 No Change
Late Private Rule with 50% Fuel Mandate 11.2% 185.50 132 011
Continued Ethanol Tax Credit 9.3% 17797 0.02 0.37
Low-GHG Fuel Subsidy 9.4% 178.24 2.79 031
Retail Alternative Fuel Sales Mandate 30.0% 342.82 541 0.06
Ensign Bill: $0.50 AF credit thru 2004 9.3% 179.35 0.13 0.16
Extended Ensign Bill: $0.25 AF credit thru 2009 9.4% 17954 011 0.13
Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.5% 182.38 090 0.37
Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 94% 179.89 033 031
Extended Ensign Bill: $0.50 AF credit thru 2009 9.4% 181.04 0.24 0.15
Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 9.8% 185.08 130 0.36
No Transitional Barriers (Long-Run) 18.3% 246.08 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 9.3% 178.35 176 6.60
P&L Rule Plus Low-GHG Fuel Subsidy 9.4% 178.97 456 0.46
P&L Rule PlusIncreased CAFE Standards 95% 179.04 102 0.15
P&L Rule Plus Ensign Bill: $0.50 AF credit thru 2004 94% 179.60 187 187
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit thru 2009 NA NA NA NA
P&L Rule Plus Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 9.5% 183.68 284 0.91
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 94% 180.63 201 154
P&L Rule Plus Extended Ensign Bill: $0.50 AF credit thru 2009 11.8% 197.96 176 011
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 10.4% 190.056 3.75 0.63




Table12: Fud Displacement Summary Table

AEO Base, Higher LPG Cogt, Tax CreditsInflation Adjusted

Policy Gasoline Total Welfare Cost™ Incremental
Displacement Displacement Displacement
in 2010° 1996-2010 Cost™

Units Percent Bill GGE Bill $96 $GGE
Base (No Palicy) 9.2% 178.86 0.00 No Change
Late Private (P&L) Rule 9.2% 178.88 172 No Change
Late Private Rule with 50% Fuel Mandate 9.7% 183.118 35 1.60
Continued Ethanol Tax Credit 10.9% 182.70 7.00 0.55
Low-GHG Fuel Subsidy 17.4% 21099 17.68 0.68
Increased CAFE Standards 9.2% 178.96 0.29 0.37
Retail Alternative Fuel Sales Mandate 30.0% 343.30 37.84 041
Ensign Bill: $0.50 AF credit thru 2004 9.3% 180.46 0.26 0.28
Extended Ensign Bill: $0.25 AF credit thru 2009 9.3% 180.04 0.14 0.22
Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 94% 183.07 113 0.49
Extended Ensign Bill: $0.25 AF credit and AFV Credits thru 2009 94% 180.56 041 043
Extended Ensign Bill: $0.50 AF credit thru 2009 94% 181.36 0.39 0.29
Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 9.6% 185.11 162 0.50
No Transitional Barriers (Long-Run) 14.6% 22313 NA NA
P& L Rule Plus Continued Ethanol Tax Credit 11.4% 18332 9.03 0.66
P& L Rule Plus Low-GHG Fuel Subsidy 18.0% 219.64 2145 0.74
P&L Rule PlusIncreased CAFE Standards 9.8% 18041 254 0.92
P&L Rule Plus Ensign Bill: $0.50 AF credit thru 2004 9.2% 180.22 193 251
P&L Rule Plus Extended Ensign Bill: $0.25 AF credit thru 2009 9.3% 180.05 1.89 284
P& L Rule Plus Ensign Bill: $0.50 AF credit and AFV Credits thru 2004 94% 183.86 3.09 114
P& L Rule Plus Extended Ensign Bill: $0.25 AF credit and AFV Creditsthru 2009 94% 180.93 2.28 199
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit thru 2009 94% 181.37 212 155
P& L Rule Plus Extended Ensign Bill: $0.50 AF credit and AFV Credits thru 2009 9.8% 187.52 4.00 0.92
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35 Low-GHG Tax Credit

Of particular interest for the long-run sustainability of trangportation is our ability to stabilize, or actudly
decrease, the transportation sector’ s contribution to global warming. A focus on gasoline useis
especidly appropriate since the transportation sector is responsible for about 32% of the CO,
emissonsin the US, and gasoline contributes 63% of the transportation sector’ stotd (Davis, 1997,
Tables 7.9, 7.11). One of the interesting policies suggested for reducing GHG emissions from the
transportation sector, isto offer atax credit for low GHG emission fuels. Thetax credit is structured
such that a zero GHG emission fud would gain the full $.80 per GGE credit and gasoline would receive
acredit of zero.

Thistax credit is desgned so that the incentive for E85 would be equd to that currently available,
namely $0.54 per physicd gallon, provided the ethanal is produced from cellulosic biomass.  Other
fuels would receive a prorated credit or tax depending on whether their GHG emissions are lesser or
greater than those of gasoline. The resulting subsidy corresponds to an incentive of $62.7 per MT
CO,-equivaent (or $230 per MT of carbon) reduction. Shown in Figure 13 are the full fud cycle
GHG emissions of each fuel based on estimates from the GREET verson 1.4 (Wang, 1998).
Additiondly shown are the GHG emissons from fuel production and use only; excluding emissons from
vehicle production. Lastly shown are the cents per gasoline gallon equivaent (GGE) credits or taxes
based on the GHG emissions from fuel production and use.

Despite the substantia magnitude of this incentive, the low-GHG tax credit is not effective in increasing
dternative fuel use given the base-case ail price projections. Given higher world ail prices, the
LGHGTC palicy increases dternative fud use to 3% of demand by 2010, al E85. If in addition to high
world ail prices, thetax credit is maintained at its present vaue red level of $0.54 per physica gdlon
rather than alowing its value to be eroded by inflation, then this palicy is very effective in inducing
dternative fuel use. Inthis case, the fud share of E85 risesto 14% and M85 rises to 5% by 2010.
Although early E85 comes from corn, by 2010 the E85 is predominantly from biomass, recaiving a
$0.74 per GGE credit. Totd oil displacement under this scenario is 22% by 2010. This policy could
go along way towards achieving EPACT’ s god of a 30% fuel displacement by 2010.

The new vehicle production sharestell asmilar sory: the AFV's produced are principaly dedicated
acohol vehicles, explaining the fuel choices of E85 and M85. Thisreflects the lower cost and higher
vehicle efficiency of the dedicated vehicles given that consumers and producers anticipate that this
program will remain in effect over the time horizon of the modd.
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Figure 13: Emissonsand GHG Tax Credit for each Motor Fue

3.6 Continued Ethanol tax credit

Asavariation on the low GHG policy case we Smply assume that the current ethanol tax credit, due to
be terminated in 2007, will be continued in its current form through the forecast horizon.** We cdl this
the “ Continued Ethanal tax credit” case. Thispalicy caseis quite amilar to the low GHG fud subsdy
case, Snce by design the magnitude of the fuel subsidy for E85 from biomassis the same in both cases.
Given the base case pricetax scenario, this palicy is not effective in encouraging dternative fud use.
Only when the ethanal credit is maintained congtant in red dollars and when there are high world all
pricesis continuation of the ethanol tax credit effective. When these additiond assumptions are made,
however, the CRTC is able to encourage 11% E85 use by 2010. No other dternative fuel is
encouraged, however, and so we can conclude that this policy isless effective overdl than the
LGHGTC policy in encouraging the use of dternative fuels. In addition, this credit also does not add
encouragement for an earlier switch to biomass as the feedstock for ethanal is not as greet in this
scenario.

13The ethanol tax credit is $0.54 per physical gallon, or $0.68 per GGE for E85. In this case, corn and cellulosic
ethanol are treated (subsidized) equally. Inthe previouslow-GHG fuel credit case, cellulosic ethanol is given the
maximum subsidy, while corn receives less credit since has higher emissions than cellulosic ethanol.
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The costs per metric ton of CO,-equivalent and the overdl effectiveness of the two dternative GHG
policies are shown in Table 13. When comparing the cost per ton of the two palicies, it isimportant to
make the digtinction between the costsin terms of tax dollars foregone (column 4 in Table 13) and the
cogts per ton to the nation’s economy after subtracting out transfers that benefit the fuel producing
sectors (column 5). Asis seen from the table, continuing the ethanol tax credit in its current form is not
as cod-effective as the tax cut for low GHG fudsin reducing GHG emissions (since the E85 is derived
from corn in the early years), or in ataining EPACT’ s gasoline disolacement god (since LPG qudifies
for asubsidy in addition to E85). In addition, continuing the ethanol tax credit is more expensve to the
€conomy on a per-ton basis than atax policy specificdly targeted to reduce GHG emissions.
Nonethdless, it is il an effective second-best policy. We cannot comment on whether ether of these
policiesis, in fact, dedrable from anationd perspective. In our view that judgement is a political
decison.

Table 13: Summary Results Across GHG Cases
(Lower Cost LPG Assumption)

NPV Incremental GHG Tax/GHG* Cost/GHG
Benefits (Bill MT of CO,) | ($94/MT of CO,) | ($94/MT of CO,)
(Bill $34)
Tax Cut for Low GHG Fuels -255 -0.915 66.65 2784
Continue Renewable Fuel Credit -25.2 -0.759 63.84 33.24

3.7 Increased CAFE Standards

This policy case explores the impact of increasing the CAFE standard by 1.0 MPG. In the case
examined here, we consider what would happen if vehicle manufacturers respond to increased CAFE
gandards by offering essentidly the same mix of vehicle modds with the same M PG, but choose to
either pay the fine or meet the standards by introducing AFVs. Currently, CAFE standards are
binding, and vehicle manufacturers are offering FFV's, probably to gain CAFE credits®® Thuswhileit
may be unlikely that manufacturers would meet increased CAFE standards soldly with AFVs, the
current vehicle manufacturer behavior suggeststhat AFVswill play somerole in meeting stricter CAFE
gandards. In this case the percentage of AFVsthat can be introduced into the fleet sales mix before
the CAFE standard is no longer binding risesto 11% for duad and 5.5% for dedicated vehicles.

The modd results indicate that manufacturers produce acohol FFVs early, both for CAFE credits and

70 convert to dollars per metric tonne of carbon, multiply the cost per tonne by 3.67 (the ratio of the molecular
weight of carbon dioxide to carbon).

Baccordi ng to the New Y ork Times (October 16, 1997) Ford plans to build 250,000 cars, mini-vans and pickup trucks
in afour-year period that can run on ethanol mixtures. Other manufacturers are following suit.
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to meet the existing EPACT fleet mandates. The early dcohol FFV's meet regulatory requirements, but
do not use much acohol fud at dl. After 2004, manufacturers begin to produce dedicated acohol
AFVs. Sincethe CAFE creditsfor dud/flex AFVsend in 2005, and since the cost of ethanol declines
due to exogenous technica improvements, the production mix shifts toward dedicated acohol vehicles
inlater years, leveing out a the level where CAFE credits are exhausted (5.5%). Initidly, the fue
requirements of the dedicated acohol vehicles are met by methanol, but as ethanol costs decline after
2005, biomass ethanol becomes the fuel of choice.’®

3.8 AFV Fud Share and Gasoline Displacement Results Under Higher Oil
Prices

Since our results showed that it is difficult for dternative fuels to make a substantiad market penetration
under that comparatively low oil prices projected in the AEO base case, we sought to determine the
effects higher ail prices on the use of dternative fue. We tested four digtinct dternative fud policies
under arange of crude oil prices higher than those in the Annua Energy Outlook base case. The palicy
tests were conducted given upward shiftsin the Annua Energy Outlook base case oil price path of
between $0 and $20 per barrel by 2005." The results are summarized in terms of AFV fud share and
gasoline digplacement achieved in the year 2010.  As the figures and tables below show, an increasein
the expected world oil price will only produce sgnificant aternative fuels penetration when combined
with sufficiently strong dternative fuds policies.

Estimating the Oil Price and Retail Fuels Relationship

In order to determine the effects of an ail price increase on dternative fud use we firg estimated the
effect of ail price on retail motor fuel cogts. We benchmarked effect on the basis of the equilibrium
price relaionships implied by the AEO99 Base, High and Low oil price scenarios. While other methods
may be available, this smple technique is trangparent and produces results which are congstent with
common thinking. The AEO pseudo-data reveded fairly stable linear relationships over the forecast
horizon and the different scenarios. The estimated equetion is.

P ™ a % 1% Py,

for fue f = {gasoline, naturd gas, and LPG}.

¥For more information on AFV's and CAFE, see (Rubin and Leiby, 2000).

YEach ail price shift, from $0 to $20 in $2/bbl increments, was imposed on top of the AEO base oil price projections.
Thefuel shift isachieved gradually over five years (by 2005) and sustained thereafter. 1t is helpful to bear in mind
that the high oil price shift serves as arough proxy for both changing oil market conditions and/or the imposition of
acarbon tax. Of course, the latter would have a different effect on the costs of some alternative fuels than the
former.
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The dope coefficients [ which can be drawn out from this approach are dl postive and of the
gpproximate magnitude one might expect.

Wholesale Motor Fuel Slope (B)
($ price increase/$ crude oil increase)

Gasoline 1.00
Nat Gas 0.07
LPG 1.27

*These coefficients all apply to prices measured on a BTU-equivalent basis.

The gasoline price coefficient is gpproximately one, reflecting direct pass-through of crude il cost to
gasoline price on aBTU-bass. The natural gas dopeis smdl, reflecting aweek positive link between
gas and ail prices. Crude oil and naturd gas are substitutes, while crude oil and gasoline are the inputs
and outputs of a production process, so we would expect the relationships to differ. The LPG cost
dopeis greater than one, reflecting, perhaps, asort of "byproduct” nature of LPG from refining and
natural gas production.

The TAFV code was revised to dlow shifting of motor fue prices dong with any exogenous crude oil
price shift, using the specified dopes (). QOil price shifts from $2 to $20 were consdered. Thisshiftis
achieved by 2005, and the intervening years (2000-2004) are linearly interpolated (i.e., one additional
fifth of the total shift is achieved each year). Note that thisleads to much higher ail prices than the AEO
High World Oil Price case. The AEO99 High Qil Price scenario is not alinear shift from the Base
Price projection, but seemsto correspond closest to somewhere between the $6/BB and $10/BBL
shifts we congder here.

Results of Oil Price Sensitivity Cases

The shifted ail price projections were gpplied to five policy cases. Base (No New Palicy),

Private and Local Fleet Rule, Private and Loca Fleet Rule With 50% Fud Use, Low-GHG Fud Tax
Credit with Tax Credits Inflation Adjusted, and 30% Alternative Fudls Sdes Mandate.

The 2010 dternative fud demand shares and gasoline displacements are given in the figures and tables
below.. For the Base Case (no new palicies) there is essentialy no dternative fuel penetration, even for
large ail price shifts. In the base case, the ail price shift never rises high enough to overcome the
combined obstacles posed by transitiond barriers and the long-run cost disadvantages of aternative
fuds. Apparently these combined obstacles are substantia (in excess of $20/BBLI ail, or $0.43/GGE.

For the “Private and Locd Fleet Rule” apolicy mandating vehicle purchases, there il is essentidly no

effect except in the case of very large ail priceincreases. While the kinked nature of these results seem
bewildering, it reflects that while the mandates may overcome barriers due to economies of scae for
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vehide production, another Sgnificant “barrier” remains to be overcome (most likdly fud availability
infrastructure). If oil prices are sustained at a much higher leve than the base case, there is sufficient
inducement to overcome this second barrier, and, when coupled with the early vehicle production
activity required by the Private and Loca Heet rule, high levels of dternative fue and vehicle use may
be observed by 2010..

The mogt interesting result is for the * Private and Loca Fleet Rule for fleet vehicles coupled with 50%
Alternative Fud Use’ policy. Such apolicy isvery costly on a per-barrd-displacement basis for lower
oil prices. The policy dso haslittle effect on dterndtive fud penetration until the oil price shift reaches
about $6-$8/BBL. Then it has an increasingly powerful effect on inducing dternative fud use. We see
avery smooth trangtion (as afunction of oil price increases) with the achievement of the 30% gasoline
replacement goa around the $18/bbl ($0.39/GGE) il price increase mark. This suggests that requiring
fleets to use dternative fud forces the creation of some refueling infrastructure (assuming commercia
refueling of these fleet AFVs), and the remaining barriers are more modest and smooth.

We know that at current oil prices, the Private and Loca Ruleis by far the most expensive policy in
terms of $¥GGE displaced. Thisisin part because it imposes costs but induces essentialy no dterndive
fud use. But the Private and Loca Rule unit-displacement cogts decline rapidly as oil pricesrise, until
the Private and Loca Rule becomes both an effective and chegp option at very high oil priced Thisis
because, given sufficiently high ail prices, it serves only to push decison-makers over theinitid
scae-availability barriers, and then it "gets out of the way." By getting out of the way, we mean thet it
has no marginal costs or effects, snce market demand shares exceed the bounds imposed by the
mandate.'®

BHowever, we are not sure that we are properly measuring, or can properly measure, the disutility to fleets of
constraining their vehicle choice.
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Figure 14: Alternative Fuel Sharein 2010 for Various Oil Price Shifts

Table 14: Alternative Fud Sharein 2010 for Various Oil Price Shifts

Case Descriptor Base Privateand Local PrivateandLocal Low-GHG Fud  30% Alternative
Fleet Rule Fleet Rule With Subsidy, Tax Fuels Sales
50% Fuel Use  CreditsInflation Mandate
Adjusted

Base WOP 0% 0% 1% 12% 31%
Base WOP + $2 0% 0% 2% 13% 31%
Base WOP + $4 0% 0% 1% 14% 31%
Base WOP + $6 0% 0% 1% 15% 31%
Base WOP + $8 0% 0% 6% 15% 32%
Base WOP + $10 0% 0% X 25% 31%
Base WOP + $12 0% 0% 12% 2% 32%
Base WOP + $14 0% 0% 17% 2% 32%
Base WOP + $16 0% 0% 24% 3% 32%
Base WOP + $18 0% 1% 30% 3% 33%
Base WOP + $20 0% 36% 36% 43% 3%

For the “Low-GHG Fud Subsidy” poalicy, there is 12% dternative fuel use achieved at current oil
prices. The Low-GHG Fue Subsidy case entails a $0.73/GGE tax credit for a zero-GHG fue
(essentidly cdlulosic ethanal), and much lesser subsdies for the other dternative fues which il emit
GHGs Under the Low-GHG subsidy, the 30% gasoline replacement godl is atained for an oil price
shift of around $15/BBL ($0.32/GGE).

We could draw a smilar graph to Figure 14, but sweep out over arange of increasing GHG taxes and
subsidies. The result would be different, snce the mix of fuels favored would differ. But onelesson
seems to be that even if we don't expect oil pricesto rise by $20/BBL, some combination of oil price
changes and sustained GHG price incentives could induce sgnificant dternative fud use. Furthermore,
and mogt interestingly, we find that there may be an intermediate range of price conditions where
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dternative fuels can only get sarted dowly, and where a"trandtiond policy” such asthe Private and
Locd Rule (with 50% fuel use) could be a powerful and comparatively inexpendve way to promote the
socid objective of dternative fud use.

Table 15: Gasoline Displacement in 2010 for Various Oil Price Shifts
Case Descriptor Base Privateand Local PrivateandLocal Low-GHG Fud  30% Alternative
Fleet Rule Fleet Rule With Subsidy, Tax Fuels Sales
50% Fuel Use  CreditsInflation Mandate
Adjusted
Base WOP 220} % 10% 17% 30%
Base WOP + $2 220} % 10% 18% 30%
Base WOP + $4 220} % 10% 19% 30%
Base WOP + $6 220} % 12% 19% 30%
Base WOP + $8 220} % 13% 20% 30%
Base WOP + $10 220} % 15% 26% 30%
Base WOP + $12 ) % 17% 2% 30%
Base WOP + $14 220} % 20% 28% 30%
Base WOP + $16 X6 %o 25% 32% 30%
Base WOP + $18 X6 10% 2% 36% 31%
Base WOP + $20 X 32% 32% 3B% 33%

Figure 15: Gasoline Displacement in 2010 for Various Oil Price Shifts
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4.0 Model Results Compared to EIA Data

As a check on how well the modd is able to reproduce observed market outcomes we compare our
base case results with recent historical dataon AFV and AF use gathered by the EIA (2000). Thefirst
TAFV projection year is 1996, this means that vehicle and fuel prices, and the mix and quantity of
vehicle and fud sales, are endogenous. In comparing with EIA data, caution is necessary because of
differences between the way EIA presents information and the way in which comparadle informéation is
tracked in the model. For example, for CNG vehicles we combine our flexible and dedicated
categories to compare with the EIA’s undifferentiated CNG vehicle category (EIA 2000, Table 1).
Other adjustments are dso made. Caution is aso necessary because the share of new vehicle salesthat
aredternatively fuded is 1.4%, and use of dternaive fudsisa most 0.12% in the base case. This
means that we are examining in greet detall avery smal portion of vehicle and fud demand. The more
disaggregated the examination, the greater is the likelihood for solution discrepancies®  Table 16
shows the early year estimated AFV sales given the base case prices assuming no new policies. Table
17 shows the difference in the number of vehicles estimated by the TAFV modd |ess those estimated to
be on the road by EIA.

Table 16: AFVs Sold in Base Case

Year Alcohol Alcohol CNG CNG LPG LPG Electric

Dedicated Flexible Dedicated Flexible Dedicated Flexible Dedicated
1996 3,939 49,000 33,000 31,000 131,000 96,000 3,814
1997 6,000 109,000 44,000 32,000 124,000 120,000 5,000
1998 10,000 213,000 50,000 33,000 118,000 140,000 7,000
1999 13,000 321,000 54,000 33,000 111,000 157,000 10,00(¢
2000 16,000 435,000 56,000 34,000 104,000 171,000 15,00

Table 17: Differencesin AFVs Sold TAFV MinusEIA
Y ear Alcohol  Alcohal CNG LPG Electric

Dedicated Flexible All All Dedicated
1996 3,939 24,205 13,730 17,000 692
1997 6,000 -2,059 18,466 33,000 743

1998 10,000 -117,334 19,261 46,000 2,004
1999 13,000 -306,508 9,032 49,000 5,743
2000 16,000 NA 7,616 62,000 7,7

¥Technicaly, the TAFV mode has non-linear congtraints and a non-linear objective function. This
means that the mode results are dassfied aslocdly optimd. Changes in garting points, therefore, can
lead to dightly different solutions. We have performed an extensive amount of testing and are confident
that the broader conclusons are robust to this potential source of bias.
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As shown in Table 18, for most vehicle types, the TAFV mode is able to come reasonably closeto
EIA’s estimates of the on-road AFV stock. The most significant departure is an under-estimate of the
number of acohoal flexibly-fueed vehicles purchased. The category underestimated included the
production of FFV vans and trucks for the purposes of CAFE credits. The Energy Information
Adminigtration assumes that these new FFV's use little-to-no dternative fud, and the TAFV backcasts
the same result. We dso overestimate the number of dedicated acohol vehicles that would be sold.
However, the number of vehiclesinvolved (afew thousand) is very smdl fraction of total number of
vehicles sold (less than one-tenth of one percent). The discrepancy suggests that we do probably do
not assgn alarge enough pendty to the low availability of M85 and ES5.

Table 18: Percent Differencesin AFVs Sold TAFV MinusEIA
Y ear Alcohol Alcohol CNG LPG Electric
Dedicated Flexible All All Dedicated
1996 100 49 21 7 18
1997 100 2 24 14 15
1998 100 -55 23 18 29
1999 100 -95 10 18 57
2000 100 NA 8 23 52
Table 19: Fud Demand QuantitiesFrom TAFV
(Thousand Gasoline Gdlon Equivaents per Year)
Year | Conventiond Reformulaed M85 E85 CNG LPG Hledri- | Totd Alt
Gaoline Gaoline city Fue
1996| 77,200,499 35,997,097 3,361 2,603 42,000 86,111  2,890: 136,965
1997| 78,779,205 36,762,827 4599 3578 42,000 79,237 3,914 133,329
1998| 80,363,554 37,532,065 6,343 4,530 42,000 72,636  5,228! 130,737
1999 81,950,764 38,306,805 7,966 5,145 42,000 66,297 8,203! 129,612
2000 83,540,396 39,082,995 9936 5212 42000 60,213 11,923! 129,284
Table 20: Percentage Differencein LDV Fuel USE
TAFV - EIA estimates
Y ear Gaxoline M85 E85 CNG LPG Hecricty | Totd AF
1996 -4 47 73 42 -22 73 3
1997 -3 66 64 32 -33 74 -3
1998 -4 81 62 27 -46 77 -8
1999 -4 84 56 6 -66 82 -19
2000 -4 89 37 4 -77 86 -1§|
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Asisseenin Table 20, the TAFV modd does agood job of matching EIA’s estimates of historical
gasoline sales, which represent 99.8% of fuel sdesto the light-duty fleet, and total dternative fuel sdes.
It dso does afair job of matching the absolute quantity of the two principd dternative fuds actudly
used: CNG and LPG. Onthe other hand, it ismore difficult for TAFV modd to match the EIA
estimates of recent dcohol fud sdes. We bdieve the discrepancy between modd outcomes and recent
observed market sales sems from severa reasons. The first was mentioned above, namely that one
cannot expect mode precison to be high, on percentage terms, when examining very smal modd detall
(eg., individud saesfor 5 dternative fuels whose volumes jointly comprise at most 0.12% of al fue
sdes). Secondly, the underestimation of LPG fudl use may be attributable to the implicit assumption in
the TAFV mode that the existing LPG AFVs are dud fuded, and commercidly (non-centraly)
refueled. Hence, the TAFV mode would conclude that the on-road stock of LPG vehicles (which it
edimates fairly well) would use less dternative fud than has been observed. In fact, they are most
certanly centraly refuded. In addition, many of these CNG and LPG vehicles are fleet-owned, and
may be driven more miles annudly than an average vehicle. Future versons of the TAFV mode should
be adjusted to take these phenomenainto account. The overestimate of M85 and E85 use stems from
the TAFV modd’s overestimate of the number of dedicated acohol vehicles.

Overdl, the TAFV base case projection from 1996 to 2000 does a moderately good job of back-
casting recent history. Totd AFV stocks are accurate to within 15 percent, and the mix of vehicles
chosen by the modd isfairly closeto EIA higoricd data. While the demand for dcohol fuelsis over
projected, and the demand for LPG was under projected, the quantities involved are smal. In broad
terms, the TAFV results match recent historica outcomeswell: very little dternative fuel is being
demanded (on the order of 0.1% of totd fuel demand by light-duty vehicles). The only AFVsbeing
sold in large numbers are dcohol FFV's, and they are using gasoline.
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Vehicle Stock

Figure 16: TAFV Modedled AFV Stock vs Actual

Solid symbol is TAFV Backcast, Hollow symbol is Actual
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5.0 Conclusions

In contrast to earlier work, we find that trandtiona impediments are very important to the transportation
sector and may overwhelm scenarios based on theoretically attainable production costs and market
penetrations. In particular, the long run penetrations for dternative vehicles and fuels anticipated in the
earlier EPACT 502(b) (DOE 1996) study are not likely to be achieved without measures to encourage
the expandon of vehicle production and fue avalability. Limited retail fud availability and vehidle
production scale-economies are important. These features lead to substantialy higher initial effective
costs of dternative fud vehicle services than were estimated for the long-run mature market outcomes
inthe EPACT 502b andysisfor 2010.

More specificdly, it may be hard for the dternative vehicle and fue markets to get started. In terms of
apolicy tool, we do find that private (non-fleet) AFV purchases respond to fleet policies. We observe
the expansion of household sector AFV demand in cases where fleets are induced or required to buy
more AFVs. In part, this reflects vehicle production scale economies at work and our assumption that
flests refud commercidly. While we have not tried to determine the Sze of fleet mandates that may be
necessary to attain EPACT s godls, it does gppear that thisisaviable policy toal. In the absence of
any specific requirement thet fleet AFVs use dternaive fud, fleet AFV purchase mandates may be met
with dud or flex-fuded vehicles, and little dternative fud may be used. However, if fleet AFVsaedso
mandated to use some fraction of dternative fuel, and if they refue at publicly accessble commercia
gations, then the barrier of limited retail fud availability is diminished.

New technologies often require a network of specidized infrastructure, have scae economies of
production, and may have a vaue which depends strongly on their compatibility with some other the
existing product or technology (“ hardware-software” compatibility). In these cases, the market tends
toward specidization and the dominance of a single technology dternative. Alternative fuels and
vehicles have each of these features to some degree. However, consumers have distinct tastes and
circumstances, and thus collectively place a substantia value on having adiversity of product choices.
Thusthere is atenson between the cost-reducing effects of specidization and the utility-increasing
effects of technology diversfication. Given the costs and benefits estimates used in our model, we find
that even in those cases where there is substantiad AFV penetration due to policies (e.g., GHG-tax
credit case), the cogts of supplying technologica diversity outweigh the benefits such that only one or
two dternative fuel technologies are able to successfully enter the market.

Findly, we note that the federd government does appear to have technicaly feasble policies at hand to
lead the transportation sector towards a sustainable path, if sustainable is defined in terms of the light-
duty vehicle sector not increasing, or even decreasing, its contribution to globa warming. Specificaly,

201t has been pointed out to usthat while thisresult obtainsin our deterministic analysis, in aworld of great
uncertainty the hedging and option value of diversity may sustain more alternative fuel technologies in the market,
at least for awhile.
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the use of GHG tax credits or a continuation of the renewable fud (ethanol) tax credit on the order of
$0.80 per GGE does appear to be sufficient incentive to stabilize GHG emissons from the
transportation sector.

49



Refer ences

Anderson, S.P., A. de Pdmaand JF. Thisse 1988. "A Representative Consumer Theory of the Logit
Modd," International Economic Review, 461-6, August.

Bowman, David, and Paul Leiby 1997. “Methodology for Congiructing Aggregate Ethanol Supply
Curves,” Oak Ridge Nationd Laboratory, Working Peaper, Draft, March 30.
(http://pzl1.ed.ornl.gov/dtfudshtm)

Bowman, David, Paul Leiby and Jonathan Rubin, 1998. “Representation of LPG Retail Costs (TAFV
Model Technica Note),” Oak Ridge National Laboratory, Draft February 5.
(http://pzl1.ed.ornl.gov/dtfueshtm)

Brooke, Anthony, Kendrick, David and Meeraus, 1992. Release 2.25, GAMS, A User's Guide,
Alexander, Scientific Press, San Francisco.

Davis, Stacy C. and David N. McFarlin, 1996. Transportation Energy Data Book 16, Center for
Trangportation Analys's, Energy Divison, Oak Ridge National Laboratory, U.S. Department of
Energy, uly.

Davis, Stacy C., 1997. Transportation Energy Data Book 17, Center for Transportation Analyss,
Energy Divison, Oak Ridge Nationd Laboratory, U.S. Department of Energy, August.

Energy and Environmenta Andyss (EEA), 1995a “Suggested Methodology for Alternative Fuds
Retalling and AFV Supply Within the Trandtion Modd,” January 17.

Energy and Environmentd Analysis (EEA), 1995b. “ Supplement to Methodology for Alternative Fuds
Retaling Within the Trangtion Modd,” July 27.

Energy and Environmenta Andyss (EEA), 1995c. “Specification of a Vehicle Supply Modd for
TAFVM,”

Energy Information Adminigtration (EIA), U.S. Department of Energy, 1994. “Alternativesto
Traditiona Trangportation Fuels. An Overview,” DOE/EIA-0585/0.

Energy Information Adminigtration (EIA), U.S. Department of Energy, 1995. Natural Gas Annual
1994, DOE/EIA-0131(94)/1.

Energy Information Adminigtration (EIA), U.S. Department of Energy, 1996. “Alternativesto
Traditional Transportation Fuel 1995: Volume 1, DOE/EIA-0585(95).

Energy Information Adminigration (EIA), U.S. Department of Energy, 1996. “Alterndtivesto

50



Traditiond Transportation Fuels 1996, DOE/EIA-0585(96).

Energy Information Administration (EI1A), U.S. Department of Energy, 1996a. Annual Energy
Outlook.

Energy Information Adminigtration (EI1A), U.S. Department of Energy, 1996b. Assumptions for the
Annual Energy Outlook.

Energy Information Administration (EIA), U.S. Department of Energy, 1998. Petroleum Supply
Annual 1997, Volume 1.

Energy Information Adminigtration (EIA), U.S. Department of Energy, 2000.
http:/Mmww.eiadoe.gov/fuddternate.html, revised tables of Alternativesto Traditional
Transportation Fuels.

Fulton, Lewis M., 1994. “Alternative-Fud Vehicles and the Energy Policy Act: A Case Study in
Technology Policy,” Ph.D. Dissertation, University of Pennsylvania

Greene, David L., 1994. “Alternative Vehicle and Fuel Choice Modd,” Oak Ridge Nationa
Laboratory, ORNL/TM-12738, October.

Greene, David L., 1997. “Survey Evidence on the Importance of Fuel Availability to Choice of
Alternative Fuels and Vehicles” Oak Ridge Nationa Laboratory, Dréft.

Kazimi, Camilla, 1997. “Evduding the Environmental Impact of Alternative-Fud Vehicles, Journal of
Environmental Economics and Management 33:163-185.

Kimbill, J., 1996. “Update of the Municipa Solid Waste Feedstock Supply Curve,” Decision Andysis
Corporation.

Leby, Paul N., 1993. "A Methodology for Assessing the Market Benefits of Alternative Motor Fuels”
Oak Ridge Nationa Laboratory, ORNL-6771, September.

Leby, Paul N. and David L. Greene, 1993. "The Impacts of Temporary Subsidiesfor AFVson Long-
Run Vehicle and Fud Choice," Draft, December 2.

Leby, Paul N. and Jonathan Rubin, 1996. “The Trangtiond Alternaive Fuels and Vehicles Modd,”
March 12, 1997 (Transportation Research Record, TRB, Forthcoming).

Leiby, Paul N. and Jonathan Rubin, 1997. “Technicd Documentation of the Trandtiond Alternative
Fudsand Vehicles (TAFV) Modd,” http://pzl1.ed.ornl.gov/dtfue s.htm.

51



McArdle, Paul, U.S. Department of Energy, 1997. persona communication, June.

Nationa Renewable Energy Laboratory, 1991. “Assessment of Ethanol Infrastructure for
Transportation Use,” Draft.

Perlack, Robert D., 1997. “Updated Supply Curves from Waste Wood,” Oak Ridge Nationa
Laboratory, Draft.

Rubin, Jonathan and Paul Leby, 2000. “An Andyss of Alternative Fue Credit Provisons of US
Automotive Fud Economy Standards,” Energy Policy, Volume 28, Number 9, pp. 589-602.

Rubin, Jonathan, 1994. “Fud Emisson Standards and the Cogt Effective Use of Alternative Fudsin
Cdifornia” Transportation Research Record: 1444, Transportation Research Board,
Nationa Research Coundil.

Smadll, Kenneth A. and Harvey S. Rosen, 1981. “Applied Welfare Economics With Discrete Choice
Models,” Econometrica, 49(1):105-130, January.

Sperling, D. and K.S. Kurani, 1987. “Refueling and the Vehicle Purchase Decision: The Diesdl Car
Case,” SAE Technicd Paper Series No. 870644, Society for Automotive Engineers,
Warrendale, PA.

United States Department of Energy, Office of Policy, Planning and Analys's, and Office of Policy
Integration, 1989. “Assessment of Costs and Benefits of Fexible and Alternative Fuel Usein
the U.S. Transportation Sector, Technical Report Three: Methanol Production and
Transportation Costs,” DOE/PE-0093.

United States Department of Energy, Office of Policy and Office of Energy Efficiency and Renewable
Energy, 1996. “An Assessment of the Market Benefits of Alternative Motor Vehicle Fud Use
inthe U.S. Transportation Sector: Technica Report 14, Market Potential and Impacts of
Alternative Fud Usein Light-Duty Vehicles: A 2000/2010 Analyss,” DOE/PO-0042, January.

Wdsh M., R. Perlack, D. Becker, R. Graham, and A. Turhollow, 1997. “Evolution of the Fuel Ethanol
Industry: Feedstock Availability and Price,” Oak Ridge National Laboratory, Draft.

Wang, Michadl, 1998. GREET Model Version 1.4, Center for Trangportation Research, Argonne
National Laboratory, August.

52



Appendix 1. Cases Examined inthe TAFV Modeling Study

Assumptions
CaseName
Fleet Fuel Taxes Fue Economy Credits Other Alternative Fuel Comments
program or VehiclePolicies
Base Existing Existing (Note 2) Current law, including None All of the following scenarios use these
programs CAFE, for alternative Base assumptions unless specifically noted
(Note 1) fuels. (Note 3) otherwise.
Continued Existing Existing, nominal Current law, including None The $0.54 per physical gallon ethanol
Ethanol Tax programs ethanol subsidy CAFE, for dternative subsidy isworth $0.68 per GGE for E85
Credit (Note 1) continues indefinitely fuels. (Note 3) and continues to be available through the
(phased down after 2007) model's time horizon.
Low-GHG Fue Existing Low-GHG fuel subsidies, Current law, including None The $0.54 per physical gallon ethanol
Subsidy programs declining with inflation CAFE, for dternative subsidy isworth $0.68 per GGE for E85
(Note 1) (Note5) fuels. (Note 3) made from biomass. Not shown in the fuel
use graph is the changing mix of E85 from
corn to biomass through time.
Increased CAFE Existing Existing (Note 2) Current law for CAFE standard increased CAFE credit values unchanged from the
Standards programs Alternative fuels, new 1 MPG, assume no base case, but dedicated and FFV's
(Note 1) CAFE standards changein conventional accumulate credits up until 5.5% and 11%
vehicle fleet of new vehicle salesin each year.
Retail Alternative | Existing Existing (Note 2) Current law, including None AF retail quantities must follow path to
Fuel Sales programs CAFE, for dternative meet EPACT 502b goals (10% in year
Mandate (Note 1) fuels. (Note 3) 2000, rising to 30% by 2010)
Ensign Bill: $0.50 | Exigting $0.50/GGE (nominal) at Current law, including None Ensign fuel subsidies decline with 3%
AF credit thru programs fuel tax credit from 1998-  CAFE, for dternative inflation
2004 (Note 1) 2004 (excluding E85 fuels. (Note 3)

and Electricity)
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Assumptions

Cas=Name
Fleet Fuel Taxes Fuel Economy Credits Other Alternative Fuel Comments
program or Vehicle Palicies

Extended Ensign Existing $0.25/GGE (nomindl) at Current law, including None Ensign fuel subsidies decline with 3%
Bill: $0.25 AF programs fuel tax credit from 1998-  CAFE, for alternative inflation
credit thru 2009 (Note 1) 2009 (excluding E85 fuels. (Note 3)

and Electricity)
Ensign Bill: $0.50 | Existing $0.50/GGE (nomindl) dt Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
AF credit and AFV| programs fuel tax credit from 1998-  CAFE, for dternative subsidy: $500 dual and with 3% inflation
Creditsthru2004 | (Notel) 2004 (excluding E85 fuels. (Note 3) $1000 dedicated

and Electricity) (nominal $), 1998-2004
Extended Ensign Exigting $0.25/GGE (nominal) at Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
Bill: $0.25 AF programs fuel tax credit from 1998-  CAFE, for alternative subsidy: $500 dual and with 3% inflation
credit and AFV (Note 1) 2009 (excluding E85 fuels. (Note 3) $1000 dedicated
Credits thru 2009 and Electricity) (nominal $), 1998-2009
Extended Ensign Existing $0.50/GGE (nominal) at Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
Bill: $0.50 AF programs fuel tax credit from 1998-  CAFE, for aternative subsidy: $500 dual and with 3% inflation
credit thru 2009 (Note 1) 2009 (excluding E85 fuels. (Note 3) $1000 dedicated

and Electricity) (nomind $), 1998-2009
Extended Ensign | Existing $0.50/GGE (nomindl) dt Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
Bill: $0.50 AF programs fuel tax credit from 1998-  CAFE, for alternative subsidy: $500 dual and with 3% inflation
credit and AFV (Note 1) 2009 (excluding E85 fuels. (Note 3) $1000 dedicated
Credits thru 2009 and Electricity) (nomind $), 1998-2009
No Transitional Exigting Existing (Note 2) Current law, including None Thelong-run analysis assumes: full vehicle
Barriers (Long- programs CAFE, for dternative model diversity, no cost of limited retail
Run) - Higher LPG | (Note 1) fuels. (Note 3) fuel availability, full scale fuel and vehicle

Costs

production costs.
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Assumptions

Cas=Name
Fleet Fuel Taxes Fuel Economy Credits Other Alternative Fuel Comments
program or Vehicle Palicies
Base Local and Existing (Note 2) Current law, including None All of the following scenarios use these
Private Rule CAFE, for dternative Base assumptions unless specifically noted
(Note 4) fuels. (Note 3) otherwise.
Local and Private | Loca and Existing (Note 2) Current law, including None In this scenarios, fleets are subject to the
Rule with 50% Private Rule CAFE, for aternative Local and Private Rule, and in addition,
Fuel Mandate (Note4). Plus fuels. (Note 3) fleet AFVsarerequired to use at least 50%
50% AF use aternative fuel.
requirement
for fleet
AFVs.
Continued Local and Existing nominal ethanol ~ Current law, including None The $0.54 per physical gallon ethanol
Ethanol Tax Private Rule subsidy continues CAFE, for aternative subsidy isworth $0.68 per GGE for E85
Credit (Note 4) indefinitely (phased fuels. (Note 3) and continues to be available through the
down after 2007) model's time horizon.
Low-GHG Fud Local and Low-GHG fuel subsidies, Current law, including None. The $0.54 per physical gallon ethanol
Subsidy Private Rule declining with inflation CAFE, for alternative subsidy isworth $0.68 per GGE for E85
(Note 4) (Note 5) fuels. (Note 3) made from biomass. Not shown in the fuel
use graph is the changing mix of E85 from
corn to biomass through time.
Increased CAFE Local and Existing (Note 2) Current law for CAFE standard increased = CAFE credit values unchanged from the
Standards Private Rule Alternative fuels, new 1 MPG, assume no base case, but dedicated and FFV's
(Note 4) CAFE standards changein conventional accumulate credits up until 5.5% and 11%
vehicle fleet of new vehicle salesin each year.
Ensign Bill: $0.50 | Local and $0.50/GGE (nomindl) at Current law, including None. Ensign fuel subsidies decline with 3%
AF credit thru Private Rule fuel tax credit from 1998-  CAFE, for dternative inflation
2004 (Note 4) 2004 (excluding E85 fuels. (Note 3)

and Electricity)
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Assumptions

Cas=Name
Fleet Fuel Taxes Fuel Economy Credits Other Alternative Fuel Comments
program or Vehicle Palicies

Extended Ensign Local and $0.25/GGE (nomindl) at Current law, including Ensign fuel subsidies
Bill: $0.25 AF Private Rule fuel tax credit from 1998-  CAFE, for dternative decline with 3% inflation
credit thru 2009 (Note 4) 2009 (excluding E85 fuels. (Note 3)None.

and Electricity)
Ensign Bill: $0.50 | Local and $0.50/GGE (nomindl) dt Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
AF credit and AFV| Private Rule fuel tax credit from 1998-  CAFE, for dternative subsidy: $500 dual and with 3% inflation
Creditsthru2004 | (Note4) 2004 (excluding E85 fuels. (Note 3) $1000 dedicated

and Electricity) (nominal $), 1998-2004
Extended Ensign Local and $0.25/GGE (nominal) at Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
Bill: $0.25 AF Private Rule fuel tax credit from 1998-  CAFE, for alternative subsidy: $500 dual and with 3% inflation
credit and AFV (Note 4). 2009 (excluding E85 fuels. (Note 3) $1000 dedicated
Credits thru 2009 and Electricity) (nomina $), 1998-2009
Extended Ensign Local and $0.50/GGE (nominal) at Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
Bill: $0.50 AF Private Rule fuel tax credit from 1998-  CAFE, for alternative subsidy: $500 dual and with 3% inflation
credit thru 2009 (Note 4). 2009 (excluding E85 fuels. (Note 3) $1000 dedicated

and Electricity) (nomina $), 1998-2009
Extended Ensign | Local and $0.50/GGE (nomindl) dt Current law, including CNG and LPG vehicle Ensign fuel and vehicle subsidies decline
Bill: $0.50 AF Private Rule fuel tax credit from 1998-  CAFE, for dternative subsidy: $500 dual and with 3% inflation
credit and AFV (Note 4). 2009 (excluding E85 fuels. (Note 3) $1000 dedicated
Credits thru 2009 and Electricity) (nomind $), 1998-2009

1. Existing programs only - no private fleet mandates. See Figure 9

2. Under existing tax scenario, the ethanol subsidy expires on 1/1/2008, and declines slightly in nominal terms between now and then, see Table 1. Subsidy in real (constant) $ declines with 3% inflation. Standard

(Federal Highway Fund and state) motor fuel.

3. Our estimate of CAFE credit values: FFV's and dedicated vehicles receive $343 and $686 per vehicle, respectively. Dedicated and FFV's accumulate credits up until 0.5% and 1% new vehicles sales in each year. The
CAFE credits for FFV's expire after model year 2004.

4. Private fleet are required to purchase AFV's under the EPACT "Local and Private Rulemaking" authority. The magnitude of this program over time is shown in Figure 12.

5. Low-GHG fuel subsidies: Beginning 2001, $0.54 per physical gallon ethanol subsidy ends, replaced by subsidy (tax reduction) for low GHG fuels. Cellulosic ethanol, viewed as having near-zero GHG emissions,
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Appendix 2: Technical Assumptions

Table21: Conversion FactorsUsed the TAFV Modd

(based on higher heating values)

1Barrel = 42 U.S. Gdlons
1BBL LPG = 4011 MMBTU
1BBL M85 = 3.020 MMBTU
1BBL M100 = 2.626 MMBTU
1BBL Gasoline = 5253 MMBTU
1BBL E& = 374 MMBTU
1BBL E100 = 3536 MMBTU
MCFCNG = 1.030 MMBTU
Gasoline Vehicle = 1.00 Efficiency
Dedicated M85 Vehicle = 105 Efficiency
FFV M85 Vehicle = 101 Efficiency
Dedicated E85 Vehicle = 105 Efficiency
FFV E85 Vehide = 101 Efficiency
Dedicated/Dua CNG = 1.00 Efficiency
Dedicated/Dual LPG = 1.00 Efficiency
Electric Vehicle = 429 Efficiency
Table 22: Greenhouse Gas Emissions, kg per GGE, Year 2000
Feedstock Gasoline Natural Gas Biomass Corn Mix
Fuel-Vehicle Combination Gasoline M85 LPG CNG E85 BV
Vehicle Operations 10.085 9.236 9578 8.758 2335 2335 0.000
Fuel Production and Distribution 2653 3116 1592 2619 -1.342 6.396 8211
Vehicle Manufacture 1575 1619 1679 1824 1.626 1.626 1507
Tota Life Cycle 14.314 13.970 12,849 13.200 2619 10.357 9.718

Source: M. Wang (1999) GREET Model Version 1.4

. For summary see Taxes16.xls, 07/12/99.
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Table 23: Tax Comparison Across Palicies ($94/GGE)

Fuel Base Case: No Policy Low GHG Fuel Tax Reduction Continued Ethanol Tax Credit
Year 1997 2010 1997 2010 1997 2010
LPG 0.38 0.38 0.38 031 0.38 0.38
M85 043 043 043 041 043 043
Gasoline 0.35 0.35 0.35 0.35 0.35 0.35
E85 -0.13 0.47 -0.13 -0.01 -0.13 011
CNG 0.21 0.21 0.21 0.16 0.21 0.21
Electricity 0 0 0 -0.18 0.00 0.00
Source: Taxesl6.xls
Figure 17: Comparison of Motor Fuel Taxes Across Scenarios
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Appendix 3 - Result Graphs
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Figure 18:
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Fuel Demand Shares
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Figure 21. Fud Demand and New Vehicle Production Shares
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Year 2010 Gasoline Displacement by Alternative Fuels. 9.2%
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Figure 22: Gasoline Displacement
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Year 2010 Gasoline Displacement by Alternative Fuels. 14.9%
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Year 2010 Gasoline Displacement by Alternative Fuels: 25.5%
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Figure 24: Gasoline Displacement
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Y ear 2005 Gasoline Displacement by Alternative Fuels: 11.9%
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Case#72, RO7TBNBRS
AEO Base, Higher LPG Cost, Tax Credits Inflation Adjusted

Cosgt, Tax Credits Inflation Adjusted
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Case #1, R97BOORS
AEOQO Base, Higher LPG Cost
Figure 26: Fued Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost
Policy: Base-No New Policy Case
(Enhanced Scae)
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Fuel Demand Shares
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Case #37, R97B0OORS
AEO HWORP, Lower LPG Cost
Figure 27: Fue Demand and New Vehicle Production Shares
Scenario:  Higher World Oil Price, Lower LPG Cost
Policy: Base-No New Policy Case
(Enhanced Scale)
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Fuel Demand Shares
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Figure 28: Fud Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost

Palicy:
(Enhanced Scae)

Late Private Rule
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Case #2, R97POORS
AEOQO Base, Higher LPG Cost




Fuel Demand Shares
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Case #6, R97CAORS
AEOQO Base, Higher LPG Cost

Figure 29: Fud Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost

Policy: Increased CAFE Standards

(Enhanced Scae)
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Fuel Demand Shares
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Case #1, R97BOORS
AEOQO Base, Higher LPG Cost
Figure 30: Fue Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost
Policy: Base-No New Policy Case
(Scale Matches Increased CAFE Standard)
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Fuel Demand Shares
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Case #7, RO7TFMORS
AEOQO Base, Higher LPG Cost

Figure 31: Fud Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost
Policy: Retall Alternative Fud Sdes Mandeate
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Fuel Demand Shares
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Case #43, RO7TFMORS
AEO HWORP, Lower LPG Cost
Figure 32: Fued Demand and New Vehicle Production Shares
Scenario:  Higher World Oil Price, Lower LPG Cost
Policy: Retail Alternative Fuel Sdes Mandate
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Fuel Demand Shares
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Case #67, ROTFMORS
AEOQO Base, Higher LPG Cost, Tax Credits Inflation Adjusted

Figure 33: Fud Demand and New Vehicle Production Shares
Scenario:  AEO Base, Higher LPG Cosgt, Tax Credits Inflation Adjusted
Policy: Retail Alternative Fuel Sales Mandate
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Fuel Demand Shares
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Case#4, RO7TCORS
AEOQO Base, Higher LPG Cost
Figure 34: Fud Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost
Policy: Continued Ethanol Tax Credit
(Scade Matches Higher World QOil Price, Tax Credits Inflation Adjusted)
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Fuel Demand Shares
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Case #64, R97TCORS
AEOQO Base, Higher LPG Cost, Tax Credits Inflation Adjusted
Figure 35: Fud Demand and New Vehicle Production Shares
Scenario:  AEO Base, Higher LPG Cogt, Tax Credits Inflation Adjusted
Policy: Continued Ethanol Tax Credit
(Scade Matches Higher World Qil Price, Tax Credits Inflation Adjusted
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Fuel Demand Shares
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Case #28, RO7TTCORS
AEO HWOP, Higher LPG Cost, Tax Credits Inflation Adjusted

Figure 36. Fud Demand and New Vehicle Production Shares

Scenario:  Higher World Oil Price, Higher LPG Cogt, Tax Credits Inflation Adjusted
Policy: Continued Ethanol Tax Credit

(Enhanced Scae)
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Case #5, RO7TGHORS
AEOQO Base, Higher LPG Cost

Figure 37: Fud Demand and New Vehicle Production Shares
Scenario;.  AEO Base, Higher LPG Cost

Policy: Low-GHG Fud Subsidy

(Scade Matches Higher World QOil Price, Tax Credits Inflation Adjusted)
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Fuel Demand Shares
25.00%
==
20.00% M85
ES5
15.00% il CNG
-
10.00% LPG
= Electric
0,
5.00% = Total AFV
0_00%—-.--—-.--—.-—-—--—-—-—----4-.-—
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
New Vehicle Production Shares
45.00% Alc Ded
40.00%
° —*= Alc Flex
35.00%
—*= CNG Ded
30.00% —
o5 00% CNG Flex
e
20.00% L PG Ded
15.00% / == | PG Flex
10.00% / * Electric
5.00% ﬁ = Total AFV
0.00%"
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Case #41, RO7GHORS
AEO HWORP, Lower LPG Cost
Figure 38: Fue Demand and New Vehicle Production Shares
Scenario:  Higher World Oil Price, Lower LPG Cost
Policy: Low-GHG Fud Subsidy
(Scade Matches Higher World Oil Price, Tax Credits Inflation Adjusted)
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Case #29, R97GHORS
AEO HWOP, Higher LPG Cost, Tax Credits Inflation Adjusted

Figure 39: Fud Demand and New Vehicle Production Shares

Scenario:  Higher World Oil Price, Higher LPG Cogt, Tax Credits Inflation Adjusted
Policy: Low-GHG Fud Subsidy

(Enhanced Scae)
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No Transitional Barriers (Long-Run)

Figure 40: Gasoline Displacement by Alternative Fuds
Scenario;.  AEO Base, Higher LPG Cost
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Figure 41: Gasoline Displacement by Alternative Fuds
Scenario:  Higher World Qil Prices, Higher LPG Cost
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Figure 42: Gasoline Displacement by Alternative Fuds
Scenario:  Higher World Oil Prices, Higher LPG Cogt, Tax Credits Inflation Adjusted
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No Transitiona Barriers (Long-Run)

Figure 43: New AFV Demand Share
Scenario;.  AEO Base, Higher LPG Cost
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Figure 44: New AFV Demand Share

Scenario:  Higher World Qil Prices, Higher LPG Cost
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Figure 45: New AFV Demand Share
Scenario:  Higher World Oil Prices, Higher LPG Cogt, Tax Credits Inflation Adjusted
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Figure 46. Alternative Fud Demand Share
Scenario;.  AEO Base, Higher LPG Cost
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Figure 47: Alternaive Fud Demand Share

Scenario:  Higher World Qil Prices, Higher LPG Cost
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Figure 48: Alternative Fud Demand Share
Scenario:  Higher World Oil Prices, Higher LPG Cogt, Tax Credits Inflation Adjusted
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Figure 49: Net Bendfits of Policies (NPV, Billions $96)
Scenario:  AEO Base, Higher LPG Cost
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Figure 50: Net Bendfits of Policies (NPV, Billions $96)
Scenario:  Higher World Oil Prices, Higher LPG Cost
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Figure 51: Net Bendfits of Policies (NPV, Billions $96)

Scenario:  Higher World Oil Prices, Higher LPG Cogt, Tax Credits Inflation Adjusted
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Appendix 4 - How to Usethe TAFV Result Workbook

The TAFV Result Workbook summarizes many possible scenarios for the market introduction of dternative
fudsand vehicles. The scenarios were evaluated with the Trangtiona Alternative Fue and Vehicle (TAFV)
Mode. We hope that this workbook will be useful for conveying alarge amount of information in a convenient
and standardized format. It iswrittenin visua basic and runs from within a standard Microsoft Excel
workbook. To run the workbook smply open the file (currently R97rlt15b.xls) and, if requested, click on the
button that says “ Enable macros’. # The workbook, TAFV Version 1.0 Result Workbook, can be
downloaded from http://pzl .ed.ornl.gov/dtfue s.htm.

The result book is organized with pull-down menus to choose the: “ Selected Policy”, “ Sdlected Scenario”, and
“Sdected Year”. For each of the above choices, the user can chose to click on a button which shows the
effect of the Private and Loca Rulemaking. The variables that are available to be examined include:

Price Components - breakdown of the effective cost of each fue into its many components
(wholesdle cogt, digtribution codts, retailing cogts, taxes, and availability costs)

AFV Share - percentage of new vehicle demand share which is fleet AFVs, household
AFVs, and total AFVs

Displacement - percentage of gasoline use displace by each fud (neat fuels and blends), for
particular years

Fud and Vehicle Shares - market penetration of AFVsand Alt Fuel vstime.

Fud Prices - absolute an incrementd fue prices vstime

Vehicle Prices - absolute an incrementd vehicle prices vstime

Retall Avalability - share of retall Sations offering each fud vstime

Thetools provided in this workbook alow you to:
Scroll up and down through the many policies and cases with arrow keys,
Sdlect directly aparticular case (by scroll box);
Scrall up and down through the years in the time horizon, for those graphs which are annua snapshots,
Sdlect directly aparticular year to display;
Adjust the scale of the graphs three different ways:
Set scdeto apre-gpecified uniform level, making compari sons across cases more clear;
Adjust the scde of the grgphsin to automaticaly show maximum resolution (although care must be
exercised to avoid focusing excessve attention on minor differences or varigtions).
Freeze the scale a the automatic (high resolution) setting for one case, to gpply that same scale to other
Cases.

2n general, never enable macros from afile that you do not know is safe from viruses.
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The cases presented here are grouped into 6 scenarios of 23 policy cases. The 23 policy case are?

Case  Descriptor

BOORS Base

TCORS Continued Renewable Tax Credit

GHORS Low-GHG Fue Subsidy

CAORS Increased CAFE Standard

FMORS Retail Alternative Fuels Sdes Mandate

ENORS Ensign Bill: 50 cent AF credit thru 2004

EXORS Extended Enggn Bill: 25 cent AF credit thru 2009

EN1RS Ensgn Bill: 50 cent AF credit and ARV Credits thru 2004

EX1RS Extended Ensign Bill: 25 cent AF credit and AFV Credits thru 2009

EX2RS Extended 50c Ensgn AF Bill: 50 cent AF credit thru 2009

EX3RS Extended 50c Ensgn AF/AFV Bill: 50 cent AF credit and AFV Credits thru 2009
BNBRS No Trangtiond Bariers case (long run)

POORS Late Private Rule Implementation

PO1RS Late Private Rule With 50% Fued Use

PENRS P&L Rule Plus Ensgn AF Bill: 50 cent AF credit thru 2004

PEXRS P&L Rule Plus Extended Ensgn AF Bill: 25 cent AF credit thru 2009

PTCRS P&L Rule Plus Continued Ethanol Tax Credit

PGHRS P&L Rule Plus Low-GHG Fud Subsidy

PCARS P&L Rule PlusIncreased CAFE Standard

PEIRS P&L Rule Plus Ensgn AF/AFV Bill: 50 cent AF credit and AFV Credits thru 2004
PX1RS P&L Rule Plus Extended Ensign AF/AFV Bill: 25 cent AF credit and AFV Credits thru 2009
PX2RS P&L Rule Plus Extended 50c Ensign AF Bill: 50 cent AF credit thru 2009

PX3RS P&L Rule Plus Extended 50c Endgn AF/AFV Bill: 50 cent AF credit and AFV Credits thru 2009

The cases in the Result Book are the above 23 policy cases, with 6 over-arching scenario assumptions:

AEQ98 Oil Prices LPG Costs Ethanol Tax Credits Oil Price Shock?
Base Higher Constant Nominal No

HWOP Higher Congtant Nominal No

HWOP Higher Congtant Redl No

HWOP Lower Congtant Nominal No

Base Higher Congtant Nominal Y es, 2005

22Not every scenario is matched with every possible sensitivity and price assumption. For example, the Fuel
Mandate Case is not run assuming that the Private and Local Rulemaking has also been put into effect.
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Base Higher Congtant Real No

1.Federal tax rates pursuant to the Taxpayer Relief Act of 1997 apply before September 30, 1999. These tax rates do
not reflect the October 1, 1999 changes to the federal tax code. The columns may not sum do to rounding.

2.Conversion factors are given in Appendix 2.
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